ABSTRACT
SPAKE, JESSICA RENE STURDEVANT. Relationship between Backtest and Coping
Styles in Pigs. (Under the direction of Joe Cassady).
The objective of this study was to examine relationships between the Backtest (BT) and
coping styles in pigs. The BT was performed on 575 piglets from 75 litters; once at six and
again at 13 days of age. For this test, pigs were placed in the supine position for 60 seconds.
The amount of time struggling and the number of struggle attempts during each test were
recorded. The times and number of struggles from each test were combined to give total
time struggling (TTS) and total struggle attempts (TSA). Pigs were ranked within replicate
(n=5) based on TTS. Piglets in the top (high TTS; n=60) and bottom (low TTS; n=60) 10
percent of their respective replicates were selected for additional behavior tests. The
additional tests chosen were the Novel Object Test (NOT) to measure response to novelty,
Resident Intruder Test (RIT) to gauge aggression, and maze test to evaluate cue usage. Other
researchers have suggested that these traits reflect underlying coping styles in rodents and
pigs. The NOTSs were performed at five and again at six weeks of age. For NOT and RIT,
half of the pigs” home pen was sectioned off with a solid divider to form an isolated test area.
One pig, from that pen, was placed in the test area and a novel object was introduced.
Latency to begin exploring and time exploring an object were recorded and summed to give
total latency to explore (TEXLAT), and total time exploring (TTEX). Heart rates of
individual pigs were recorded during NOT by fitting the pigs with Polar S610i heart rate
monitors and Wearlink transmitter straps (Polar Electro Oy, Finland) prior to being placed in

the test arena; heart rates were used to evaluate cardiac response to novelty. The RITs were



performed two days after each NOT. A resident pig, was placed in the test area and an
unfamiliar, intruder, pig from a non-neighboring pen was introduced. Latency for resident to
contact intruder, time from first contact until attack, and time of attack were recorded and
summed to give total latency to contact (TCONLAT), total time from contact to attack
(TCONTOATT), and total time to attack (TATTLAT). Time to complete a maze trial and
errors performed were measured in six trials; four training and two test trials. Trials were
conducted three days per week when pigs were seven to eight weeks old. In addition to
behavior traits, adjusted 21-day weight (A21dwt) and preweaning average daily gain (pADG)
were calculated from farrowing and weaning ages and weights. Correlations were calculated
among all behavior and production traits. Only the following correlations were significant (P
<0.05): TTS with TSA, pADG, and A21dwt, TCONTOATT with TATTLAT and
TCONLAT, TEXLAT with TTEX, , and pADG with A21dwt. Differences in cardiac
response during the NOT, RIT, and maze performance between high and low groups were
analyzed in SAS using linear models, with sex, replicate, and group as fixed effects, and
Wilcoxon Rank Sum Tests, using group as class variable. No consistent differences in
performance were found when comparing high and low pigs. It was concluded that
performance during BT is not related to behavioral or cardiac response during the NOT,
aggression, or cue usage as measured by tests used in this study. Results of the present study

do not support the theory that BT performance is indicative of coping styles in pigs.
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CHAPTER 1

LITERATURE REVIEW



Introduction

It is widely known that individual animals of all species respond differently in
stressful situations. However, an abundance of research has shown that in mice, rats, and
several other species, individuals’ responses fall into two distinct categories, referred to as
coping styles (Koolhaas et al., 1999). By breeding rodents based on outcomes of specific
behavior tests, strains of animals that reliably exhibit distinct coping style characteristics
have been successfully created (Benus et al., 1991).

Research has been done investigating the possibility of distinct coping styles in
domestic animal species, including pigs. Although some studies are conflicting, many
scientists believe coping styles, similar to those found in mice and rats, to be present in pigs
(Hessing et al., 1993; Koolhaas, 2008; Koolhaas et al., 1999). If reliable tests of coping
styles in pigs were found, perhaps lines with different coping styles could be created and
producers would be able to select animals that would adapt well to their management
conditions.

The backtest is commonly used to measure behavioral response of piglets to an
imposed stressful situation (Hessing et al., 1993; van Erp-van der Kooij et al., 2001).
Although this test frequently appears in pig studies, the specific characteristics being
measured are uncertain (Jensen, 1995). Many studies view the backtest as an indicator of
coping style (Hessing et al., 1994; Hessing et al., 1993); however, others disagree with this

view (Jensen, 1995; Jensen et al., 1995a).



This review serves to provide brief summaries of several topics: tests and
characteristics of coping styles in rodents, coping style characteristic tests in pigs, backtest,
and past research on backtest as measure of coping style.

What is a Coping Style

Many definitions of coping can easily be found in the literature, ranging from specific
to general. Lazarus et al. (1974) viewed coping in humans as “problem-solving efforts made
by an individual when the demands he [or she] faces are highly relevant to his [or her]
welfare (that is, a situation of considerable jeopardy or promise) and when these demands tax
his [or her] adaptive resources.” In other words, coping can be viewed as a reaction to a
situation in which an individual feels threatened in some way. Levine and Wiener (1989)
suggest that coping is a response “based on reduction of pathological or physiological
indices.” Wechsler (1995) simply states “coping behaviour is a response to aversive
situations.” Another definition presented by Koolhaas et al. (1999) is “behavioral and
physiological efforts to master the situation.” Although worded differently, these definitions
all view coping as a response by the individual to a disturbance. Since stress is defined as the
disruption of homeostasis by an intrinsic or extrinsic, physical or psychological force
(Avitsur, 2006) coping refers to the response by the animal to stress in this review.

Expanding the idea of coping, a coping style is generally defined to be “a coherent set
of behavioral and physiological stress responses which is consistent over time and which is
characteristic to a certain group of individuals” (Koolhaas et al., 1999). That is, if a group’s

coping response is reliable over time and similar situations, those animals would be said to



exhibit a coping style. Existence of coping styles is heavily supported in mice and rats, but
less evidence has been reported in pigs.

Henry and Stephens (1977) popularized the theory of the presence of two types of
coping styles. Names of the two styles differ between articles, but characteristics of the
styles are consistent. Originally described as the “fight-flight response”, one coping style is
most commonly known as “active response” (Koolhaas et al., 1999). However, since some
of the behavioral characteristics of “active response” style are not what some would consider
active, this style is also referred to as “proactive” (Koolhaas et al., 1999). The second coping
style is sometimes known as “conservation-withdrawal response” (Engel and Schmale,
1972). It is commonly referred to as “passive response” (Koolhaas et al., 1999). As with the
first coping style, the notion of “passive” can be misleading, therefore, this coping style is
also referred to as “reactive.” For clarity, the two coping styles will be labeled proactive and
reactive for the remainder of this review. Both the behavioral and physiological attributes
that differentiate these coping styles are described in the literature.

Coping Styles in Mice And Rats

Numerous studies have provided extensive evidence for the existence of distinct
coping styles in mice and rats. These coping styles, proactive and reactive, have been shown
to exist across many test situations.

Behavioral Tests and Characteristics of Coping Styles

The foremost attribute that distinguishes the proactive and reactive coping styles in
mice and rats is their general behavioral approach to handling a stressful situation. This

division is described in great detail by Benus et al. (1991). They state that proactive rodents



take a more dynamic approach, actively attempting to get rid of or escape the stressor, or gain
control of the situation. Reactive mice and rats take a passive approach to stress. These
different methods are exemplified by numerous tests and specific behaviors.

Attack Latency and Resident Intruder

The main behavioral characteristic that distinguishes proactive and reactive coping
styles in mice and rats is aggression levels. Rodents with proactive coping style are shown to
be more aggressive while reactive rodents are less aggressive (Benus et al., 1991). Most
experiments use lines that have been specifically bred over generations to be either highly or
lowly aggressive. The most common lines of mice used are the short-attack-latency (SAL)
line and long-attack-latency (LAL) line.

Selection for these lines described by Oortmerssen and Bakker (1981) in a study
where performance in the attack latency test was measured. In this test, a mouse was
familiarized with a cage so that it became the mouse’s home cage; this mouse will be referred
to as the resident mouse. Several days after the resident mouse was placed in the cage, a
transparent divider was placed in the cage. After the resident acclimated to the wall, a novel
mouse was introduced on the opposite side from the resident. The time from the introduction
of the novel mouse, to the time when the mice met at the wall was measured and referred to
as the “meet latency.” The divider was then removed and the time until an attack, “attack
latency,” were measured. If an attack did not occur within 10 minutes, the test was ended.
Mice that were quick to attack their opponent, ones with short attack latency, were labeled as
more aggressive. Mice slow to attack, or that showed no attacks, long attack latency mice,

were labeled less aggressive. Oortmerssen and Bakker (1981) successfully selected for short



attack latencies for 11 generations. Other studies have shown similar results in selecting for
attack latency aggression in mice (Benus et al., 1991).

A popular variation of the attack latency test is the resident intruder test, described by
de Boer et al. (2003). To prevent atypical behavior due to isolation, the animal is housed
with a companion. Shortly before the introduction of the novel animal, the companion is
removed from the cage. As in the attack latency test, the time until an attack occurs is
measured and used to evaluate aggression levels. Studies of coping style in mice and rats
look for correlations between aggression level and other behaviors that indicate coping
styles.

Shock Prod / Defensive Burying

Another common distinction between proactive and reactive coping styles is
appearance of a fight-flight versus withdrawal-freeze response to a stressor. These responses
are frequently elicited in the “shock prod,” also known as “defensive burying,” test. The
protocol for this test is described by Pinel and Triet (1978). A mouse or rat is placed in an
enclosure either with or without bedding on the floor, depending on what characteristic is
being tested. The bedding can be familiar or novel, in regards to material or freshness. A
shock prod is introduced to the enclosure, delivering a shock to the subject whenever contact
occurs. The rodent’s reaction to the prod is recorded. Most rodents’ responses can be
categorized as active or passive. Slutyer et al. (1996) defines the categories as the active
response consists of burying the prod with the bedding (defensive burying), and less
frequently, rearing. Passive response includes the subject freezing, becoming immobile, and

grooming.



In a study by Slutyer et al. (1996) aggression in SAL and LAL mice were evaluated
in a modified version of the attack latency test. Mice were then put through the defensive
burying test to determine whether they expressed an active or passive response. Mice were
tested once in a cage with bedding from their home cage, and again in a cage with fresh
bedding. Results showed that SAL, aggressive, mice displayed more active and less passive
behaviors compared to LAL mice in both situations. It was also noted that LAL mice
occasionally reacted in an active manner when they were in a cage with familiar bedding.
This demonstrates that LAL mice are capable of reacting similarly to SAL mice, but change
their reaction in different environments. Results from a study by Sgoifo et al. (1996) showed
similar a similar trend. The level of aggression in a version of the attack latency test was
highly correlated with amount of burying behavior in the shock prod test. Similar results
were found in a later experiment by Slutyer et al. (1999), in which increased display of active
response to the shock prod test was also found to be consistent across genders. This
correlation was again supported by de Boer and Koolhaas (2003) who took the extra step to
conclude that the active response of defensive burying in the shock prod test is an indicator
of the subject’s proactive coping style, whereas the passive response of freezing/immobility
indicates a reactive coping style.

Active Shock Avoidance

Another method of testing for fight-flight versus withdrawal-freeze response is active
shock avoidance, described by Benus et al. (1989). For this test, an individual is placed in a
shuttle box apparatus, which is an enclosure with two compartments and a partial divider

between them. The floor on one side of the box is wired so that shocks can be delivered to



the animal’s feet. To conduct the active shock avoidance test an animal is first tested for a
“shock threshold,” shock level at which a response is elicited. After the threshold has been
established, the subject was trained via classical conditioning to go over the barrier into the
other compartment in response to a light being turned on, to avoid receiving a shock. Since
the subject must actively remove themselves from the shock half of the box, this test should
differentiate mice with fight-flight responses from those with withdrawal-freeze responses.
The responses of SAL and LAL mice were compared in this study. It was found that SAL
mice showed more successful shock avoidances than LAL mice. Supporting the idea that
aggressive mice are active responders.

Similar to development of SAL and LAL mouse lines, Roman-High (RHA) and
Roman-Low (RLA) Avoidance rat lines were developed based on response to the active
shock avoidance test (Driscoll et al., 1998). RHA rats were quicker to learn how to avoid
shocks, and had more successful shock avoidances, while RLA rats were less successful at
avoiding the shock, and exhibited more freezing and grooming behavior. Based on their
responses in the active shock avoidance task, RHA rats are considered to have proactive
coping style and RLA rats have reactive coping. However, it is noted that RHA and RLA
rats also have different levels of emotional reactivity and therefore, are not as widely used to
study coping styles as the SAL and LAL mice.

Open Field

A common test of the reaction of mice and rats to a novel environment is the open

field test. For this test, a subject is placed in the center of a large, empty, well lit area

(Steimer and Driscoll, 2005). Latency of subject to move from the start position, amount of



locomotion activity, and grooming behavior are some parameters commonly measured.
When comparing RHA and RLA rats, it was found that RLA subjects had longer latencies to
move from start position, less locomotion activity, were quicker to start grooming, and
showed more grooming behavior overall when compared to the RHA subjects (Steimer and
Driscoll, 2005). In the comparison of SAL and LAL mice, LAL mice exhibited less
locomotion activity than SAL mice in an open field test (Veenema et al., 2003).
Maze

Adaptability of mice and rats to changing environments is also used to discern
proactive and reactive coping styles. These characteristics are commonly evaluated in maze
tests. Benus et al. (1987) conducted a series of maze tests on mice and rats to examine
several behaviors. Before being tested in the mazes, aggression of the mice and rats was
evaluated using an attack latency test. In the first maze test, mice and rats were individually
trained to run through one maze configuration to a goal box with a food reward until they
could complete it without error within a set time limit of 15 seconds. After the criteria were
met, external maze cues were changed by rotating the maze 90 degrees relative to
environment. Subject was given one run through this altered maze. The maze was then
returned to its original position and training recommenced until criteria were met again. A
piece of tape was then stuck to floor of the maze in a specified location to alter internal maze
cues. Again, the subject was given one run in the altered maze. In a second maze test, mice
and rats were taught how to get to the goal box from the start box with several very simple

maze configurations. After training, mice were tested in 12 different maze configurations.



Time to reach the goal box and number of errors made were recorded for all runs in both
maze tests.

Results of the Benus et al. (1987) tests, showed that more aggressive and less
aggressive animals are affected by cue changes and maze formation changes differently.
More aggressive animals were less distracted by environmental changes. They showed a
smaller increase in completion time and number of errors in response to changes in extra-
and internal maze cues. Less aggressive animals were more highly influenced by changes in
cues, showing significant increases in time and errors. In the first maze test it was also found
that less aggressive animals did not display as much of a linear decrease in completion time
and errors as aggressive animals on repeated maze runs. This difference was attributed to
increased exploratory behavior of less aggressive animals in later runs. Conversely, less
aggressive animals adapted better to the changing maze configurations in the second maze
test. More aggressive animals performed significantly more errors, indicating that they rely
more on intrinsic routines than the less aggressive animals.

A more common maze test is the “Y-maze.” It was utilized in a study by Benus et al.
(1990) to further examine routine formation in aggressive verses non-aggressive, SAL versus
LAL, mice. Y-maze consists of a home cage connected to a Y-shaped tube. At the end of
each arm of the Y are identical cages containing food and water. A subject is placed in the
home cage and allowed to acclimate to the maze. After adjusting, one arm of the maze is
closed off so that subject can only access food and water in one arm. After a period of time,
the closed arm is reopened and previously open arm is closed. If the subject entered the

closed arm, that previously led to food and water, it was considered an error. Benus et al.

10



(1990) found that LAL had significantly higher activity levels after maze arm closure
reversal than SAL mice. SAL mice also had significantly higher percentage of errors for
several days following reversal compared to LAL mice, indicating that aggressive mice had
more trouble adapting to the changed environment. This finding supports the idea that
aggressive animals, which would have proactive coping styles, form more routine-like
behavior compared to their less aggressive counterparts.

A summary of behavioral characteristics differentiating proactive and reactive rodents
can be found in Table 1. When behavioral characteristics of coping styles are combined it
can be said that proactive animals, such as SAL mice and RHA rats, attempt to control the
environment by being active when faced with a stressor, while reactive animals, like LAL
mice and RLA rats, do not seem to attempt to exert control over the environment, instead
exhibiting passive responses (Bohus et al., 1987). Because proactive animals attempt to gain
control and are more likely to form rigid routines, they are better suited to stable
environments than reactive animals. Flexibility of reactive individuals allows them to adapt
to changing environments more easily than proactive individuals (Koolhaas et al., 1999).

Physiological Characteristics of Coping Styles

As previously stated, it is important to note that coping styles differ in behavioral and
physiological responses to stressful situations. Experiments with procedures outside the
scope of this review have shown differences between proactive and reactive coping mice and
rats in regards to physiological and endocrine responses to stress, as well as basal hormone

levels.
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Proactive, SAL mice had lower plasma corticosterone, indicating decreased HPA-axis
reactivity, in response to a stressful situation compared to LAL, reactive, mice (Korte et al.,
1996; Veenema et al., 2003). Rats that exhibited proactive coping styles also showed
increased plasma catecholamines in a stressful situation in comparison with reactive coping
style rats (Sgoifo et al., 1996). Fokkema et al. (1988) found that proactive rats exhibit higher
baseline catecholamine levels in addition to having larger norepinephrine responses to stress.
High levels of catecholamines, epinephrine, and norepinephrine, indicate high sympathetic
nervous system activity. Effects of sympathetic nervous system activity prepare animals for
the fight-or-flight reaction (Frandson et al., 2003b).

Studies have shown that proactive animals have increased heart rate, tachycardia, in
response to a stressful situation compared with reactive animals which tend to exhibit
decreased heart rate, bradycardia (Bohus et al., 1987). While tachycardia is a sign of
increased sympathetic nervous system activity, bradycardia indicates parasympathetic
nervous system activity (Frandson et al., 2003b). Therefore, proactive animals exhibit higher
sympathetic nervous system activity and reactive animals show more parasympathetic
activity.

Differences in neurotransmitter levels were also found between proactive and reactive
animals. Proactive mice and rats were found to show high dopamine reactivity while
reactive animals exhibited low dopamine (Koolhaas, 2008). Korte et al. (1996) found that in
addition to differing in HPA-axis reactivity and corticosterone levels, SAL mice had higher

levels of serotonin.
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A summary of physiological differences between proactive and reactive coping styles
in mice and rats can be found in Table 2.

Health Issues Related to Coping Styles

It is common knowledge that stress can lead to health problems in most species. It is
also known that an individual’s reaction to the stressor can influence the development of
those health problems. Studies have shown that, in some situations, an individual animal’s
coping style may put the animal at a higher risk of developing certain health issues ranging
from mild to severe. Many testing techniques used to examine differing susceptibility are
outside the scope of this review.

A study by Fokkema et al. (1988) found that rats displaying more aggression during a
resident-intruder test had higher blood pressure during testing compared to less aggressive
rats. Another study, in which a resident-intruder test was performed to determine
aggressiveness in rats, found aggressive individuals had higher blood pressure readings while
at rest (Fokkema et al., 1995). It was concluded that more aggressive animals exhibit higher
blood pressure in general compared to their less aggressive peers.

Immune system activity is a topic that has been studied by numerous researchers.
Sandi et al. (1991) examined activity of several types of lymphocytes, white blood cells, in
RHA versus RLA rats. It was found that RHA rats had lower lymphocyte activity than RLA
rats. This difference was increased when rats were exposed to stressful situations. Teunis et
al. (2004) focused on one type of lymphocytes, natural killer (NK) cells, and their
correlation with dopamine system activity. Results showed that rats with higher

dopaminergic reactivity had lower NK cell activity compared to rats with lower
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dopaminergic reactivity. Both studies found proactive rats to have lower immune system
activity under testing conditions (Sandi et al., 1991; Teunis et al., 2004).

Sternberg et al. (1989) examined susceptibility to streptococcal cell wall (SCW)
arthritis in rats exhibiting different levels of HPA-axis reactivity. It was found that rats with
lower HPA-axis reactivity were more likely to develop SCW arthritis than rats with high
reactivity. A study by Kavelaars et al. (1999) looked for a correlation between susceptibility
of rats to experimental autoimmune encephalomyelitis (EAE) and performance during a
resident-intruder test. It was found that animals with shorter attack latencies had more severe
cases of EAE than those with longer attack latencies. In both of these studies, proactive
individuals, those with decreased HPA-axis reactivity and more expression of aggression,
were the animals most affected by the diseases.

As previously stated, proactive animals attempt to remove or escape stressors, while
reactive animals do not seem to try and obtain control of the situation. Ulcer formation in
rats exposed to avoidable versus unavoidable shock situations was examined by Weiss
(1972). The expected result, that rats unable to predict or avoid shocks developed more
ulcers, was found. In addition, it was noticed that the more attempts the rats made during
unavoidable shock, the more ulceration occurred. Rats actively trying to escape shock,
proactive individuals, formed more ulcers than passive animals under similar conditions.

Tumor formation and growth have also been shown to differ between animals
exhibiting different coping styles. Teunis et al. (2002) studied tumor growth and
development, in response to implantation of cancerous cells, in rats with differing levels of

dopaminergic system reactivity. It was found that rats with hyperdopaminergic reactivity
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developed smaller tumors, had fewer cancerous growths in the lungs, and had reduced blood
supply to existing tumors. A study done by Vegas et al. (2006), looked for an association
between social stress and aggression, with tumor development. In this study, a modified
version of a resident-intruder test was used to measure aggression in mice injected with
cancer cells. It was found that mice responding to the test with passive behaviors had more
tumor development than those that were more active. These studies indicate reactive coping
style animals are at higher risk for tumor development.

Studies of health issues comparing proactive and reactive coping style individuals
have uncovered susceptibility differences between the animals. Proactive coping style
animals were shown to have higher blood pressure and decreased immune system activity, in
addition to being more susceptible to SCW arthritis, EAE, and ulcer formation compared to
reactive animals. Conversely, reactive coping style animals are at greater risk of tumor
formation and development.

Coping Styles in Pigs

Copious research studies have detailed behavioral and psychological attributes
distinguishing proactive and reactive coping styles in mice and rats. Many behavioral and
physiological tests used in pigs are believed to measure characteristics similar to those
differentiating coping styles in mice and rats. Some of these tests are summarized below.

Behavioral Tests of Coping Styles

Aggression
One of the main characteristics distinguishing proactive and reactive coping styles in

mice and rats is aggression (Benus et al., 1991). Aggression levels can be evaluated in pigs
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with several tests. One type of aggression test is the social confrontation test which measures
pig aggression in groups (Hessing et al., 1995; Hessing et al., 1993). In this test, a few
piglets from one litter are placed into a crate with a few piglets from another litter and the
behavior of all piglets is observed, simultaneously, for 30 minutes. Frequency of behaviors
(sniffing, threat, head knock, biting, fighting, chasing, fleeing, withdrawal, passive, and fight
initiative) are used to classify piglets individually as aggressive or non-aggressive. Validity
of using the social confrontation test was questioned by Jensen et al. (1995b). It was pointed
out that behavior of an individual in a group can be influenced by behavior of others in the
group. Instead of accurately measuring an individual’s aggression, outcomes may instead be
measuring “social interactions or social relationships.”

To avoid group bias, a resident intruder test is commonly used to evaluate aggression
in pigs. Procedures for testing in pigs were adapted from aggression tests in rodents by
Erhard and Mendl in 1997 (D'Eath and Pickup, 2002). For the test, a portion of a litter’s
home pen is sectioned off via a solid divider to create a test area. Pigs from the home pen
litter, “residents,” are placed in the test area individually. An “intruder” pig from an
unfamiliar litter is placed in the test area with the resident. Interaction of pigs is observed for
up to 5 minutes, preferably no more than 3.5 minutes. As soon as an attack occurs, or when
time expires, whichever occurs first, the pigs are separated and returned to their original
pens. During testing, time of first contact and time of attack are recorded. The initiator of
the attack was also noted; if both pigs bit each other simultaneously it was considered a
“fight” (Erhard and Mendl, 1997). Attack occurrence and “attack latency,” time from first

contact to attack, are used to classify pigs as aggressive or non-aggressive in many studies.
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Presence of attack and decreased latency were criteria to label pigs as aggressive (D'Eath and
Pickup, 2002). Use of a pig’s home pen and selecting intruders of approximately equal or
slightly smaller body size compared to residents helps insure the test measures
aggressiveness of the resident instead of the intruder (D'Eath and Pickup, 2002; Erhard and
Mendl, 1997). It has been shown that testing individuals on consecutive days could have a
priming effect on responses (D'Eath and Pickup, 2002; Erhard and Mendl, 1997). Therefore,
pigs should not be tested on consecutive days.
Response to Novelty

Response to novelty is another characteristic that distinguishes rodents with different
coping styles. Similar to mice and rats, an open field test can be used to measure this
characteristic in pigs. For testing, pigs are removed from their home pens and individually
placed in a novel environment. Behavior is recorded for duration of the test, typically 5 to 10
minutes. Behaviors include locomotion, standing motionless, eating or drinking, urinating or
defecating, and vocalizations (Giroux et al., 2000; Hessing et al., 1994; Jensen et al., 1995a).

Another novel environment test commonly used in pigs is the open door test. For this
test, instead of placing a pig in a new area, the door of the home pen is opened. Pigs are
allowed to exit and enter the adjoining novel area. Latency of pigs to exit home pen and
locomotion in a novel environment are commonly recorded behaviors (Ruis et al., 2000; van
Erp-van der Kooij et al., 2002).

A novel object test can also be used to measure response to novelty. This test can
take place in a pig’s home pen (van Erp-van der Kooij et al., 2002), a sectioned off portion of

a home pen, similar to the area created for resident intruder testing (Forkman et al., 1995), or
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in a novel setting (Hessing et al., 1994; Jensen et al., 1995a; Spoolder et al., 1996). Novel
object tests are commonly performed in combination with open field and open door tests
(Hessing et al., 1994; Jensen et al., 1995a; van Erp-van der Kooij et al., 2002). Tests can be
performed with individual pigs (Hessing et al., 1994; Jensen et al., 1995a; Spoolder et al.,
1996), or groups (van Erp-van der Kooij et al., 2002). For individual tests a pig is placed into
the test area and allowed a short adjustment period, this time is typically the novel
environment test. Behaviors of the pig(s) are recorded in response to novel object
introduction for duration of testing, between 3 and 15 minutes (Forkman et al., 1995; Ruis et
al., 2001). Behaviors recorded vary between studies, but often include latency to contact
object, duration of object exploration, and vocalization (Forkman et al., 1995; Hessing et al.,
1994; Ruis et al., 2001; van Erp-van der Kooij et al., 2002).

A variation of novel object tests is the human approach test. Similar to novel object
tests, human approach tests can be done with groups or individuals, occur in home pens or
novel environments, and are often combined with other behavioral tests such as open field.
Instead of introducing an object, a human enters the test area and, normally, remains still for
duration of testing, which can be 1 to 5 minutes. During the test, behaviors including pigs’
latency until and duration of contact with person are recorded (Giroux et al., 2000; Janczak et
al., 2003; Ruis et al., 2000; van Erp-van der Kooij et al., 2002). This is a variation of the
Hemsworth Test which evaluated sows’ approach behavior towards humans (Hemsworth et

al., 1986).
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Routine Formation

Another characteristic distinguishing proactive and reactive coping styles in mice and
rats is routine formation. Mazes are commonly used to examine this characteristic in rodents
and are occasionally utilized with pigs. Bolhuis et al. (2004) used a “T-maze” to study
behavioral flexibility in pigs, which is similar to the Y-maze previously discussed for mice.
A T-maze consists of a corridor which branches into left and right arms, forming the “T”
shape. At the end of each arm is a 90-degree turn to a short corridor where food troughs are
located; the turn before the trough area prevents troughs from being seen from the branching
point of the first corridor. The maze is “divided” into 10 imaginary sections so location of
pigs could be referenced. In this study, pigs were deprived of food for 12 hours before
testing. Food rewards were located in either the left or right maze arm. Half of the pigs
tested were trained with food in the left arm, the others with food in the right arm. Pigs were
individually directed from their home pens to the start box located at the main corridor end
farthest from the branch point. A removable guillotine door separates this box from the
reminder of maze. Each pig was guided through the maze to the food reward once. Pigs
were then trained, via a series of trials, to run through the maze to the food reward. For each
trial, a pig entered the start box and after 5 seconds the guillotine door was removed to allow
entrance to the maze corridor. Maximum time allowed to reach the food was 3 minutes, plus
1 minute for pigs to eat. If a pig did not reach the food within the allotted time it was lead to
the food and allowed to eat. Ifa pig crossed a division “line” in the wrong direction, i.e.
down incorrect arm with at least 2 legs, it was considered an error. Pigs completed 2 to 5

trials per day until “stable task performance” criteria were met. The criteria were to complete
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9 consecutive “correct” trials. Correct trials meaning pig completed maze within 15 seconds,
with no errors, and ate the food.

After stable task performance criteria were met, an internal maze change was
introduced. This change was a novel object placed in the arm containing the food reward.
During this trial pigs were given 5 minutes to reach their food reward. Following the test
trial, the object was removed and pigs went through 5 normal training trials. After the
second training period, pigs ran 6 consecutive reversal trials, in which the food reward was
placed in the opposite arm from its training location. A reversal trial was considered correct
if pigs did not enter the arm previously containing the food reward. During all trials the
following measurements were recorded: latency to reach food reward, number of errors,
number of vocalizations, and frequency of defecation. Time spent in section containing the
novel object was recorded for the internal maze change trial. In the first reversal trial,
frequency and duration of snout contact with original food reward trough were also recorded.

Several behavior tests used in pigs measure characteristics similar to those that
distinguish proactive and reactive coping styles in mice and rats. These cross-species
characteristics include aggression, response to novelty, and routine formation.

Physiological Tests of Coping Styles

Studies have shown proactive and reactive rodents to differ in sympathetic nervous
system versus parasympathetic nervous system activity (Koolhaas et al., 1999). Cardiac
response to stressful situations was one characteristic used to measure these nervous systems’
activity in mice (Bohus et al., 1987). This characteristic has also been examined in several

pig studies. Hessing et al. (1994) and Ruis et al. (2001) measured changes in pigs’ heart rates
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during open field and novel object tests. Prior to testing, a chest band was fastened around
the pig and a heart rate monitor was attached to the band. The chest band contained
electrodes along with a sensor and transmitter. Heart rates were transmitted to, and stored in
the monitor every 5 seconds throughout both tests (Hessing et al., 1994). Monitors used in
both studies were from Polar Electro OY, Finland; the monitor models were Polar Sport
Tester (Hessing et al., 1994) and Vantage NV (Ruis et al., 2001).

HPA-axis reactivity during exposure to stressors was also used to distinguish coping
styles in mice and rats (Koolhaas et al., 1999). Cortisol levels during stressful situations,
related to HPA-axis reactivity (Frandson et al., 2003a), have been examined in pig studies.
Ruis et al. (2000) measured saliva cortisol levels shortly before and after open door and
human approach testing. Similarly, another study measured saliva cortisol levels
immediately before and twice after, with a short delay between tests, combination open field
and novel object tests (Ruis et al., 2001). Hessing et al. (1994) measured blood cortisol
levels just before and 90 minutes after open field and novel object testing. Differences
between salivary and blood cortisol levels are outside the scope of the current review and
will not be discussed.

Many tests in pigs measure characteristics similar to those distinguishing proactive
and reactive coping styles in mice and rats. These characteristics are behavioral, such as
aggression and response to novelty, as well as physiological, like cardiac reactivity. A
summary of tests listed in this review and characteristics they measure are provided in Table

3.
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Backtest

The backtest is commonly used in studies to evaluate pig behavior during a stressful
situation, on an individual basis (Hessing et al., 1993; van Erp-van der Kooij et al., 2001).
For this test a piglet is placed in the supine position for 60 seconds while gently restrained.
For restraint, experimenter places one hand over upper body of the pig and the other gently
on the hind legs. Each struggle of the piglet is counted as an escape attempt. The number of
escape attempts is recorded to calculate backtest scores (Cassady, 2007; Hessing et al., 1993;
van Erp-van der Kooij et al., 2000); duration of struggle attempts is also recorded in some
studies (Cassady, 2007; Velie et al., 2009). In the first published study using backtests,
piglets were backtested five times total over the first three weeks after farrowing (Hessing et
al., 1993). Classifications of piglets were: “resistant (R)” if they made more than two escape
attempts in a backtest, “intermediate” if exactly two attempts were made, and “non-resistant
(NR)” if less than two attempts were made. Upon analysis of this study, it was found that
only two backtests are needed to adequately categorize piglets as R or NR. The two tests are
generally performed roughly one week apart (Cassady, 2007; van Erp-van der Kooij et al.,
2000; van Erp-van der Kooij et al., 2001). It was a concern that piglets’ positions, sleeping
versus suckling, etc, before a backtest could influence their backtest scores. Van Erp-van der
Kooij et al. (2001) found no influences of starting position, time of day, or test order on
backtest scores.

The backtest has been shown to be low to moderately repeatable and moderately to
highly heritable (Cassady, 2007; Velie et al., 2009). Several studies have found backtest

scores to be associated with production traits. Van Erp-van der Kooij et al. (2000) found
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backtest score to have positive relationship with with lean meat percentage and carcass grade
at slaughter. Backtest score was also associated with preweaning average daily gain (ADG),
weaning weight, and ADG from 20 to 76 days of age (Cassady, 2007). Another study found
backtest scores to be correlated with 21day weight (r = -0.14 to -0.19), ADG before weaning
(r=-0.151t0 -0.19), and back fat (r = 0.08 to 0.15) (Velie et al., 2009).

Backtest as Measure of Coping Styles

The backtest as an indicator of coping styles in pigs is highly debated (Hessing et al.,
1993; Jensen et al., 1995b). This association between the backtest and coping styles
originated from correlations between backtest scores and performance of piglets on behavior
tests, measuring characteristics thought to be similar to those distinguishing proactive and
reactive coping styles in mice and rats (Hessing et al., 1993). Subsequent studies have
produced both similar and opposing results, leading to the current debate. A brief overview
of the results of some of these studies is provided.
Studies Supporting Backtest as Measure of Coping Styles

The backtest (BT) was first proposed as a measure of coping styles in pigs in a study

by Hessing et al. (1993), in which social confrontation tests (SC) and BTs were performed.
SC tests were performed when piglets were 1 week old and again 1 week later. During
Social confrontation tests, piglets were qualitatively classified as “aggressive (A)” or “non-
aggressive (NA)” by observers, based on frequencies of some previously mentioned
behaviors. Backtests were performed once during the first week after birth, twice during the
second week, and 2 more times the third week. Pigs were weaned at 30 days of age. For

BTs, piglets that made more than 2 escape attempts were classified as “resistant (R),” those
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with less than 2 attempts were “non-resistant (NR)” It was found that 74.4% of piglets
labeled as A or NA during SC1 were subsequently found to be classified as R and NR,
respectively, during BTs. For SC2, 75.6% of piglets were labeled as A and R or NA and NR.
If only piglets consistently classified as R and NR over all 5 BTs were analyzed, 84.4% were
labeled as A and NA in social confrontation test 1, and 85.3% in test 2.

In a later study (Hessing et al., 1994), A/R and NA/NR pigs were subjected to open
field (OF) and novel object (NO) tests. The BTs, SC tests, and weaning occurred at the same
ages as pigs in the previous study (Hessing et al., 1993). Open field and NO tests were
combined into a single 10 minute test, with a NO being introduced to the area after 5
minutes. The combination tests were performed on individual pigs at 3 weeks of age and
again at 8 weeks. During the OF portion of tests, A/R pigs were less vocal than NA/NR pigs.
In NO portion of tests A/R pigs had shorter latencies to contact object; however, NA/NR pigs
showed more interest in the object after initial contact, demonstrated by increased time in
contact with object. Cardiac response to backtest, OF, and NO tests along with cortisol
levels before and after OF and NO tests were also recorded during this study. Mean heart
rate of A/R pigs was higher than that of NA/NR pigs for both BT1 and BT2. For 1 minute
after OF testing began, A/R pigs had higher mean heart rate than NA/NR pigs. During the
next 4 minutes, mean heart rates did not differ significantly. In response to introduction of
NO, A/R pigs showed considerable increase in heart rate while NA/NR pigs exhibited little
increase, with heart rate of some individuals even decreasing. As with OF portion of test,
mean heart rates differed significantly for only 1 min after NO introduction, and were similar

over the subsequent 4 minutes. Plasma cortisol samples were collected from pigs before and
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90 minutes after OF/NO tests. Before tests 1 and 2, A/R pigs had significantly lower cortisol
level than NA/NR pigs. After tests 1 and 2, levels in A/R and NA/NR did not differ.
Comparing before and after measures for test 1 showed A/R pigs had substantial increase in
cortisol levels while levels in NA/NR pigs did not change. Before and after measures for test
2 revealed levels for A/R pigs did not differ; however, levels in NA/NR pigs notably
decreased.

A study by Ruis et al. (2000) also produced results supporting the notion of coping
styles in pigs. Pigs were evaluated in BTs, open door (OD), and human approach (HA) tests;
with exception of BT, tests were performed on groups of pigs. Backtests were conducted
once when pigs were 2-4 days of age, and again when they were 4 weeks old. Piglets were
weaned at 4 weeks of age. Similar to other studies, OD and HA tests were performed as 2
parts of a single test. This test was executed at 10 and again at 24 weeks of age. Saliva
cortisol levels were also collected before and after OD/ HA tests. Based on BTs, pigs with
less than 3 escape attempts were classified as “low resistant (LR),” those with more than 4
attempts were “high resistant (HR).” Results of the study showed LR pigs had longer latency
to exit home pen during both OD tests compared to HR pigs. Low resistant pigs also had
longer latency to contact human during first HA test than HR pigs. Cortisol response,
determined by comparing cortisol levels from before and after OD and HA testing, was
significantly higher for LR pigs, during the first test. Levels were not different for test 2.

A later study by Ruis et al. (2001) compared behavior of LR and HR pigs in
additional test situations. In addition to a BT between 2 and 4 days of age, pigs went through

OF and NO tests, individually, in response to which salivary cortisol and cardiac responses
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were recorded.  Similar to previous studies, OF and NO tests were combined into a single,
15 minute test, conducted at 8 weeks of age; with NO introduced after 10 minutes.
Vocalization during NO test was the only behavioral difference between LR and HR pigs
during OF and NO testing; HR pigs vocalizing more. High resistant pigs also showed higher
heart rate variability compared to LR pigs during testing. Low resistant pigs had higher
cortisol responses, when comparing levels from before and after testing.

Bolhuis et al. (2004) utilized a T-maze to evaluate routine formation in pigs. Pigs
were classified based on outcomes from 2 backtests done at 10 and 17 days of age. If pigs
performed at least 2 escape attempts during 1 test and more than 4 total between both, they
were labeled HR. Pigs were LR if they had less than 4 attempts between both tests and had
no more than 2 attempts on an individual test. High resistant and LR pigs were then
subjected to a T-maze beginning at 8 weeks of age. The maze task consisted of 3 parts,
training (acquisition), internal maze change, and reversal learning. No difference in
acquisition of maze was found between HR and LR pigs. Backtest score did have an
influence on reaction to internal maze change; however, this influence was an interaction
with housing environment also tested in this study. Reversal learning was significantly
influenced by backtest score, with LR pigs being more successful at learning the new route
than HR pigs.

Overall, pigs with high backtest scores, R/HR pigs, and those with low scores,
NR/LR, differed both behaviorally and physiologically in many studies. The R/HR pigs
were more aggressive, had decreased latency to explore novel environments, objects and

people, spent less time in contact with novel objects, and were less successful at reversal
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maze learning than NR/LR pigs in these studies. Level of vocalization of R/HR versus
NR/LR pigs during novelty tests varied between studies. Mean heart rate of R/HR pigs was
higher than NR/LR pigs during backtesting and first minute of OF testing. The R/HR pigs
had a greater increase in mean heart rate for the first minute of the NO test while NR/LR
individuals showed little increase and even some decrease. They also exhibited higher
overall heart rate variability during OF and NO tests. Cortisol response to novelty also
varied between studies, but seemed to be generally lower in R/HR pigs. Behavioral and
physiological characteristics of pigs presented in these studies indicate R/HR pigs tend to
exhibit proactive coping styles, while NR/LR pigs have more reactive coping styles.
Studies Not Supporting Backtest as Measure of Coping Styles

Aggression is a main distinguishing characteristic for proactive and reactive coping
styles in rodents (Benus et al., 1991). For this reason, many studies of coping styles in pigs
focus on aggression levels. Forkman et al. (1995) conducted a multi-experiment study
examining coping styles in pigs by looking for correlations between BT score and
aggression, evaluated by resident intruder (R1) testing. In experiment 1, a BT was performed
at approximately 2 weeks of age. For experiment 2, 5 BTs were performed, once per week,
from 1 until 5 weeks of age. Piglets were not labeled based on BT performance as is done in
other studies. Instead, number of escape attempts, grunts, and squeals were recorded for each
pig during each test. Piglets were weaned at 8 weeks of age. Resident intruder tests,
performed at 9 weeks of age, lasted 10 minutes, and did not end early if an attack occurred.

Latency to attack along with number of snout contacts and bites were recorded. No
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significant correlations were found between number of escape attempts during BTs and
attack latency or number of bites during RI tests.

D’Eath and Burn (2002) also conducted a study to look for correlations between BT
and RI test performance. Backtests were executed when pigs were 3 and 9 days old. Pigs
were classified as LR if they had less than 5 struggles (escape attempts) total over 2 BTs, and
HR if they had more than 6. Resident intruder tests were conducted on 12 and 14 days post-
weaning, and pigs were weaned at approximately 30 days. Resident Intruder tests lasted a
maximum of 5 minutes, with pigs being separated immediately if an attack occurred. Attack
occurrence and latency, measured from time of first snout contact to time of attack by
resident, were recorded. Results showed no difference between LR and HR pigs in attack
occurrence or latency for either RI test individually, or combined.

Another test comparing BT and RI test performance was done by Cassady (2007).
First BT was conducted when pigs were 6 to 10 days of age, second performed between 13
and 17 days of age. Number and duration of escape attempts were recorded during 2 BTSs.
Performances during both tests were combined to form BT scores, from total number of
attempts, and total time spent struggling. Piglets were weaned around 20 days of age.
Resident intruder tests were performed at approximately 33 and 44 days of age. Maximum
test time was five minutes. If an attack occurred, the test was immediately ended and the
pigs were separated. Attack occurrence and latency were recorded; as with BTs, attack
occurrences were combined for both RI tests to give a total resident intruder score. No
significant phenotypic correlation between backtest score and resident intruder score was

found.
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Velie et al. (2009) measured pigs’ performances during BT, RI, HA, and NO tests.
A BT was performed when piglets were between 7 and 14 days of age, with a second test
occurring one week later. Number of escape attempts and duration of struggles were
recorded. Piglets were weaned between 23 and 37 days of age. Resident inturder test 1 was
conducted when pigs were 31 to 53 days old; test 2 from 38 to 60 days, with at least 1 week
between tests 1 and 2. Attack occurrence and latency until attack occurred were recorded.
As in Cassady (2007) total number of escape attempts in both BTs and total attacks in RI
tests were combined to form total number of attempts to struggle and resident intruder score,
respectively. First HA and NO tests were conducted with groups of pigs in their home pens,
at approximately 150 and 170 days of age, respectively, with the second of each test
occurring no less than 1 week later. In HA test, latency for each individual pig to make snout
contact with human was recorded. Similarly, latency to contact object was recorded in NO
test. Maximum time in both tests was 5 minutes. No significant correlations were found
between either of the BT measures and behavior measured in RI, NO or HA tests.

Summary

Coping style is generally defined as responses to stressors that help an individual
cope with that stress (Koolhaas et al., 1999). Presence of distinct coping styles in mice and
rats has been demonstrated by numerous studies. These coping styles, proactive and reactive,
differ both behaviorally and physiologically in response to stress. Behaviorally, proactive
animals actively try to remove or escape stressors while reactive animals tend to freeze. In
accordance with their behaviors, proactive animals seem to have more active sympathetic

nervous systems in response to stress, preparing them to fight or flee the stress source. These
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rodent coping styles have been shown to be consistent across time and situations. Because of
this stability, scientists have been able to select individuals based on a coping style
characteristic, aggression for example, and create divergent lines of mice and rats that
reliably express one coping style over the other. Many studies in rodents have found
associations between individuals’ coping styles and susceptibility to health issues ranging
from decreased immune response to tumor development.

Even though presence of distinct coping styles in pigs has not been as thoroughly
investigated as in mice and rats, it is heavily supported (Koolhaas et al., 1999). This is based
on the abundance of behavioral and physiological tests in pigs measuring characteristics
similar to those used to distinguish proactive and reactive coping styles in rodents, such as
aggression and cortisol levels.

The backtest is a frequently used behavior test in pigs. It has been shown to be
repeatable and moderately heritable (Cassady, 2007). Studies have also shown backtest
performance to be correlated with economically important production parameters (Cassady,
2007; van Erp-van der Kooij et al., 2000). However, the characteristics actually being
measured by the test are unclear. A common, although debated, theory is that the backtest is
a measure of underlying coping styles in pigs. Evidence for this idea comes from
correlations between pigs’ actions during backtests and those from other behavior tests
believed to measure coping style characteristics. However, many studies have produced
results that conflict with this notion. Therefore, the relationship among the backtest and

coping style remains unresolved.
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Introduction

Individuals of all species are subjected to stressful situations at some point in their
lives. However, the manner in which individuals cope with those stressors, whether internal
or external differ. Research in several species, especially mice and rats, has shown that
individuals’ responses can be grouped into one of two coping styles. These two coping
styles, proactive and reactive, differ both behaviorally and physiologically. Proactive
individuals are more aggressive, adopt more active behaviors to escape or eliminate stressors,
quickly form inflexible routines, are quicker to investigate novel stimuli, show lower
hypothalamic-pituitary-adrenal (HPA) axis reactivity, and have higher sympathetic nervous
system reactivity (Koolhaas et al., 1999). Conversely, reactive individuals are less
aggressive, display more passive behaviors when faced with stressors, depend on
environmental cues instead of routines, are more hesitant to begin exploring novel stimuli,
spend more time exploring novel stimuli, have higher HPA axis reactivity, and show higher
parasympathetic reactivity (Koolhaas et al., 1999).

Studies have investigated the presence and characteristics of coping styles in pigs.
Many behavioral and physiological tests used to measure coping styles in pigs are similar to
those tests used in mice and rats. The backtest is one of the common tests used to measure
pig performance, although it is dissimilar to mice and rat tests. It has been shown to be
moderately repeatable, moderately to highly heritable, and correlated with production traits
(Cassady, 2007; van Erp-van der Kooij et al., 2000; Velie et al., 2009). However, the
backtest is not comparable to any behavior tests used to measure coping styles in mice and

rats. Past studies have attempted to investigate the backtest as an indicator of coping style,
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but results of these studies are conflicting. The objective of this study was to examine
relationships between the backtest and coping styles in pigs.
Materials and Methods

Description of Animals

Pigs in this study were born in five farrowing batches (replicates) with two weeks
between batches, over a 66 day period at North Carolina State University Swine Education
Unit, Raleigh NC. Sows farrowed in crates and piglets were processed and weighed within
24 hours after birth. Piglets were cross-fostered when necessary to create approximately
equal sized litters for sows that farrowed within 48 hours of each other. Weaning occurred
at approximately 21 days of age, and weight was again measured at this time. After weaning,
pigs were moved to the nursery and penned in groups of 10. The nursery pens were 6 feet by
five feet. Each pen contained four nipple waterers and two feeders, with one and a half feet
of feeder space per feeder. Temperature and ventilation of nursery rooms were controlled to
maintain comfortable levels for the pigs. Pigs in this study, selected for further testing were
grouped according to backtest classification. All other pigs were grouped according to
weight. Pigs were provided ad libitum access to feed in the nursery. Pigs were given one
week to adjust to the nursery before additional tests were started.

Backtest

Pigs (n=575) were backtested twice, once at six and again at 13 days of age following
the procedures described by Hessing et al. (1993). During the backtest (BT), pigs were
lightly restrained in a supine position for 60 seconds. An experimenter placed one hand

loosely on the pig’s neck and the other hand was used to gently extend the hind legs. Each
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wriggle, involving at least one hind leg, was counted as a struggle attempt. If a pig was still
struggling at the end of the testing time, the test period was extended until the struggle
attempt ended. Struggle attempts (SA) and time struggling (TS) were recorded during each
backtest. Measures from BT one and BT two were combined to give total struggle attempts
(TSA) and total time struggling (TTS) for each piglet (Cassady, 2007). Piglets were ranked
by TTS, within each replicate, so that the top (highest TTS) and bottom (lowest TTS) 10% of
pigs could be selected for additional behavior tests. Number of pigs born and selected per
replicate and overall can be found in Table 4.

Novel Object Test

Novel object tests (NOT) were performed on all selected pigs twice at approximately
five and six weeks of age, with one week between tests. Procedures for conducting the NOT
were adapted from Forkman et al. (1995) and van Erp-van der Kooij et al. (2002). Half of
the pig’s home pen was sectioned Off to create a test area that was approximately three feet
by five feet. Solid dividers were secured to two sides of the area to prevent contact between
the pig being tested and other pigs. Pigs were isolated in the test area for two minutes before
a novel object (NO) was introduced; a plastic bucket for NOT1 and a tennis shoe for NOT2.
After NO introduction, latency to contact object (EXLAT), each contact event, and duration
of each contact event were recorded during a five minute test. Pigs were not allowed to
continue exploring the object after five minutes. If a pig did not contact the object at any
point during the test it was considered to have an exploration score of zero and given a
latency to contact of five minutes and one second. Pigs that did explore the object were

given an exploration score of one. Duration of contact events during a test were summed to

40



give time exploring object (TEX). EXLAT, exploration score, and TEX for each NOT1 and
NOT2 were summed to give total latency to contact (TEXLAT), total exploration scores, and
total time exploring (TTEX) object.

Cardiac Response to Novelty

Heart rates of individual pigs were recorded during NOT using Polar S610i heart rate
monitors and Wearlink transmitter straps (Polar Electro Oy, Finland) according to procedures
in previous studies (Hessing et al., 1994; Lewis et al., 2008). The Wearlink straps consisted
of a chest band with built-in electrodes and a detachable transmitter to send heart rate data
wirelessly to the receiver, the Polar S610i watch; a picture of the heart rate monitor apparatus
can be found in the Appendix. Immediately prior to being isolated in the testing area, a
Wearlink strap was securely fastened around the pig’s chest. A monitor attached by a strap
on the pig’s back, was started. The pig was restrained until a heart rate reading appeared on
monitor, and then placed in the test area. Monitors were set to record heart rate
measurements every five seconds.

Additional home pen heart rates were recorded for pigs in replicates three through
five. After NOT was completed, pigs were replaced with their pen mates. Heart rate
recording continued for an 10 additional minutes in an attempt to obtain baseline heart rates.

Resident Intruder Test

Resident Intruder tests (RIT) were performed at five and again at six weeks of age,
exactly two days after NOT each week. Pigs were tested in a sectioned off test area of home
pens, with the same set up as NOT, as described by Erhard and Mendl (1997). A resident pig

was placed individually into the test area of its home pen. An intruder pig of smaller size
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from a pen not adjacent to the pen of the resident pig was placed into the test area. Pigs used
as intruders were pigs backtested but not selected for additional tests. Latency to first snout
contact, of the intruder by the resident (CONLAT), and latency to attack (ATTLAT) were
recorded. Time from contact until attack (CONTOATT) was calculated by subtracting
CONLAT from ATTLAT. Pigs were separated immediately if an attack occurred. An attack
involved a sudden, rapid series of head knocks and or bites to the other pig (D'Eath and Burn,
2002). If no attack occurred within three minutes of intruder introduction, the test was
ended, pigs were separated (Velie et al., 2009), and resident pig was given an attack score of
0 and ATTLAT of three minutes and one second. When an attack did occur, pigs were given
attack scores of 1. Intruder pigs could be used once per resident, and a maximum of two
times total. If an intruder initiated an attack it was not used again. The CONLAT,
CONTOATT, attack score, and ATTLAT measurements from RIT1 and RIT2 were
combined, respectively, to give total contact latency (TCONLAT), total time from contact to
attack (TCONTOATT), total attack scores, and total attack latency (TATTLAT).
Maze Test

Maze design and procedures were based on mice and rat study by Benus et al. (1987).
The maze was located in a separate building from the nursery, was constructed of plywood
walls, and measured approximately eight feet x eight feet x two feet. Corridors were
approximately two feet wide to allow room for pigs to turn around. The floor consisted of
two sheets of subflooring secured together, covered with indoor/outdoor carpet. The maze
included a start corner, where all pigs were placed into the maze, end corner, where food

reward was located, six invisible error zones, and a designated spot to introduce changes in
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internal maze cues. Prior to testing selected pigs, a few trials were conducted with non-
selected pigs in which several food choices were offered in order to choose an appealing
reward. The food options provided were cookies, bananas, apples, oatmeal cream pies, milk
replacer (used for piglets), and the normal nursery ration. The pigs’ normal nursery ration
was the food chosen most often, and was used in all maze trials with selected pigs. To
increase motivation to reach food reward, feeders were removed from test pig pens for
approximately eight hours prior to each maze trial.

Maze trials were conducted when pigs were seven to eight weeks of age. Trials were
held three days per week, with at least one day between trials, for two weeks. All pigs were
placed in the start corner of maze so that they were facing toward food reward corner with
backend touching walls of the start corner. The first three trials were training, so that pigs
could become accustomed to the maze environment and learn the location of the food
reward. For trial four, external maze cues were changed by rotating the maze 90 degrees
relative to the environment. Trial five was another training trial, with maze returned to its
original position, to reacclimate pigs. Colored tape was used to create a star shape on the
floor of maze to change internal maze cues during trial six. Time to reach the food reward
and number of errors committed were recorded for each maze trial. If a pig crossed into an
error zone with both front legs it was counted as an error. If a pig did not reach the food
reward after 10 minutes, it was removed from maze, counted as not completed and assigned a
time of 10 minutes and one second. If a pig completed the maze trial within the allotted time
it was assigned a completion score of 1, if not it was given a score of 0. Diagram of the maze

configuration can be found in Figure 1.
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It was observed that many pigs in replicates one and two hesitated to go all the way to
the food reward in the finish corner the maze. Therefore, it was decided to cut down the wall
at the finish corner (indicated in Figure 1; picture of modification can be found in the
appendix) so that pigs would not have to walk into an enclosed area to receive their reward.

A video camera was attached to the ceiling of the building in which the maze was
located. It was positioned over the center of the maze so that all parts of the maze could be
seen on a computer connected to the camera. The camera was to be used to record all maze
trials of pigs for later review if necessary. However, due to technological issues, only pigs in
replicates three through five were able to be recorded. Within those replicates where the
camera was recording, the maze trials of several pigs were not recorded to the computer
correctly and therefore could not be reviewed.

Production Parameters

As part of routine facility procedures, pigs in this study were weighed at birth (birth
weight, BW) and again at weaning (weaning weight, WW), approximately 21 days of age.
These weights were used to calculate preweaning average daily gain and adjusted 21-day
weights using the following formulas:
Preweaning Gain = WW — BW
Preweaning Average Daily Gain (pADG) = (Preweaning Gain) + (Age at Weaning)
Adjusted 21-Day Weight (A21dwt) = (pADG * 21) + BW

A timeline of all tests performed, weight collections and ages at which they were

performed can be found in Figure 2.
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Statistical Analysis

Three pigs were not used in all test analyses due to various circumstances including
disappearing from test facility and injury. If available, data from these pigs were used for
individual test analysis but were not used in correlation or repeatability calculations. When
analyzing the heart rate data, if it appeared that the monitor malfunctioned, evidenced by a
heart rate with no fluctuation for an extended period of time, or extremely low heart rate ,
data were excluded from analysis for that specific test. Two pigs from NOT1 and six pigs
from NOT2 were excluded from respective analyses for this reason.

Distributions of some test variables were heavily skewed. Log and square root
transformations were utilized to shift these distributions toward normality for analysis. If
neither transformation brought the distribution closer to normality the original distribution
was used for analysis. Original and transformed distributions of variables can be found in the
Appendix.

Heart rates were recorded after pigs were placed back with pen mates in some
replicates in attempt to obtain baseline heart rates. However, pigs’ heart rates did not level
out as anticipated. Therefore, heart rate baselines for each individual pig were calculated by
averaging the heart rate recordings from 60 to five seconds prior to introduction of the novel
object for NOT1 and NOT?2 separately. Differences between pigs’ individual heart rate
recordings and their baselines were calculated for 19 specific time points. Those time points
included all five second interval recordings for the first minute after NO introduction,
beginning at five seconds after, because previous research indicated main difference between

High and Low pigs occurred during this time frame (Hessing et al., 1994). In addition,
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differences were calculated at 30 second intervals from 90 to 270 seconds after NO
introduction.

In addition to analyzing time to complete maze trial and errors during trials,
differences between maze trials were also examined. Time and error differences between
consecutive maze trials were calculated and analyzed to see if High and Low pigs displayed
differential changes between trials. After initial analysis of maze data, it was decided to go
back and change the maximum time for maze completion to three minutes in an attempt to
achieve results similar to those presented in the mice and rat maze study (Benus et al., 1987).
The recorded maze trial videos were reviewed to obtain error numbers during only the first
three minutes of each trial. Because maze trial videos were only available for pigs in
replicates three through five, only 66 pigs were able to be included in this additional analysis.
These shorted maze trials will be referred to as B maze trials while the 10 minute maximum
maze trials will be referred to as A maze trials. If removal of the wall at the finish corner of
the maze did have an effect on the behavior of the pigs in replicates three through five,
compared to those in replicates one and two, this effect would be evident in differences
between replicates.

Data were analyzed using several different methods with SAS (SAS Inst. Inc., Cary,
NC). Pearson correlation coefficients were calculated for all behavior traits, pADG, and
A21dwt using CORR procedure. Exploration, attack, and completion scores were analyzed
using FREQ procedure to calculate chi-squared values. All other variables were analyzed
using the MIXED procedure. Fixed effects for BT data, when analyzing data from all pigs

(n=575), were sex and replicate. BT data with only those pigs selected for additional
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behavior tests (n=120), NOT, RIT, and maze test data were analyzed using fixed effects of
sex, replicate and group. Where group is pig’s classification based on TTS; High or Low.
When group was included as a fixed effect, an interaction of group and replicate was also
included in the model. Least-squares means (LSMeans) of group and group by replicate
interactions were requested along with differences between the LSMeans were requested for
all variables analyzed in MIXED.

Additional analyses, using the same models, were performed on subsets of the data
using only pigs that had object exploration, attack, or maze completion scores of one. For
these analyses, each test event and the overall sum of the events of each behavior test were
analyzed separately, where appropriate.

Data were transposed so that measurements from individual test events were listed as
repeated measures for each pig. Pig was then added to the respective models as a random
variable so that variance due to the individual pig could be calculated. Repeatability was
then calculated by dividing variance due to pig by total variance.

Data was also analyzed using the Wilcoxon Rank-Sum test, the SAS numerical
equivalent of the Mann-Whitney U test. This test was chosen due to skewness of the data,
and also this analysis method is often used in behavioral studies. This method tests for
differences between medians of two populations. Observations from both populations are
combined and then arranged in increasing numerical order for the variable specified. Based
on this order, observations are assigned a rank; averages of ranks are used if observations tie.

The sums of these ranks are then used to compare the populations (McCall, 1994). However,
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because this test is based on the sums instead of the means, it can be influenced by
unbalanced data.
Results

Repeatability of TS, SA, EXLAT, TEX, CONLAT, CONTOATT, and ATTLAT
were 0.34, 0.13, 0.14, 0.36, 0.07, 0.18, and 0.10, respectively. P-Values of fixed effects for
all behavior traits, when looking at all pigs backtested and all selected pigs in the other
behavior tests, are provided in Table 5a. P-Values for the fixed effects when only
considering pigs selected for additional testing for the BT, those that explored the object
during NOTSs, pigs in RITs where attacks occurred, and those that completed maze trials
within the maximum times are presented in Table 5b. Correlations between behavior traits
from BT, NOT, and RIT, and production traits are provided in Table 6a. Traits within tests
were highly correlated (P < 0.01). Production traits were highly correlated with each other (P
<0.01). Total time struggling during the BT was negatively correlated with pADG (P <
0.01) and A21dwt (P < 0.05). Traits from NOT and RIT were not correlated with the
production traits. Correlations between maze traits and all other traits are provided in Table
6b. The correlations between maze traits and other traits varied between maze trials with few
significant correlations.
Backtest

LSMeans of BT traits, from the MIXED procedure, for those pigs selected for
additional behavior tests can be found in Table 4. High and low pigs differed significantly (P

< 0.05) overall and within each replicate.
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Results from the Wilcoxon Rank-Sum test, presented in Table 7, are approximately
the same as those found using the MIXED procedure.

Novel Object Test

All Selected Pigs

LSMeans of NOT traits for all selected pigs are provided in Table 8a. When looking
at pigs from all replicates combined, high and low pigs did not differ in latency to or time
exploring the NO, during either testing event, nor for the combined, overall values.

However, some group by replicate interactions were found. High pigs spent more time
exploring the NO than low pigs during test one in replicates one (P < 0.10) and five (P <
0.05). In contrast, low pigs were found to spend more time exploring the NO during test one
in replicate four (P < 0.10), during test two in replicates three (P < 0.05) and four (P < 0.01),
and when looking at total time exploring from both tests combined in replicates three (P <
0.05) and four (P < 0.01). Latency to contact the object was longer for high pigs compared to
low pigs during test one in replicate four (P < 0.10).

Results from the Wilcoxon Rank-Sum test of NOT traits (Table 9) are similar to those
found using MIXED. Overall, high and low pigs did not differ in EXLAT, TEX, TEXLAT,
or TTEX. High pigs took longer to explore NO during NOTL1 in replicate four (P < 0.10),
during NOT?2 in replicate five (P < 0.05), and when looking at overall NOT in replicate five
(P <0.10). Low pigs spent more time exploring the object during NOT1 in replicates two (P
<0.10) and four (P < 0.01), during NOT?2 in replicates three and four (P < 0.05), and looking

at overall time exploring in replicates three and four (P < 0.05). High pigs had longer TEX
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during NOT1 in replicates one and five (P < 0.05), during NOT?2 in replicates one and two (P
<0.10), and overall in replicate one (P < 0.10).

NOT exploration score frequencies and associated chi-squared values are presented in
Table 10. No significant frequency differences between high and low pigs were found.
Only Pigs that Explored the Novel Object

When the analysis of NOT traits was performed only on those pigs that explored the
object during each test, some of the differences between high and low pigs changed (Table
8b). Overall, high and low pigs still did not differ significantly for either trait. High pigs still
had longer latency to contact the object in replicate four during test one (P < 0.10). High pigs
spent more time exploring the NO than low pigs during test one in replicates one (P < 0.10)
and five (P < 0.05), during test two in replicate two (P < 0.05), and when looking at total time
exploring NO in replicates one (P < 0.10) and five (P <0.10). Low pigs explored the NO
more during test one in replicate four (P < 0.10), during test two in replicates three (P < 0.01)
and four (P < 0.05), as well as total time exploring object in replicates three (P < 0.01) and
four (P < 0.05).

Resident Intruder Test

All Selected Pigs

LSMeans of RIT traits for all selected pigs are presented in Table 11a. Overall, high
and low pigs did not significantly differ in latency to contact the intruder, time between
contact and attack occurrence, or latency to contact. However, when looking at high and low

pigs within replicate, some differences were found. Pigs classified as low took longer to
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make contact with an intruder pig in replicate three during RIT1 (P < 0.05) and when looking
at TCONLAT (P <0.10). CONTOATT and ATTLAT were longer for low pigs in replicate
four during RIT2 (P < 0.10).

Results of the Wilcoxon Rank-Sum analysis of RIT traits are provided in Table 12.
Overall, high and low pigs did not differ for RIT traits. Low pigs had longer CONLAT than
high pigs during RIT1 in replicate three (P < 0.05), longer ATTLAT and CONTOATT times
during RIT2 in replicate four (P < 0.10), and longer TCONLAT in replicate three (P < 0.10).
High pigs in replicate five had longer CONLAT and ATTLAT times during RIT2 (P < 0.05
and P < 0.10, respectively) and longer TATTLAT (P < 0.10).

Attack score frequencies and associated chi-squared values can be found in Table 13.
Overall, high and low pigs did not differ in the percentage of pigs that attacked. However, in
replicate five, during RIT2, significantly more low pigs versus high pigs attacked during
testing (P < 0.01).

Only Pigs that Had an Attack Occurrence

Table 11b shows RIT LSMeans for only those pigs that attacked during testing.
Again, high and low pigs did not significantly differ for any trait overall, but did differ within
replicates. High pigs in replicate two had longer latencies to contact intruders during RIT1
(P <0.05). When looking at TCONLAT, low pigs had significantly longer times than the

high pigs in replicate three (P < 0.01).
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A Maze Tests (10 Minute Maximum)

All Selected Pigs

LSMeans of time to complete and errors during A maze trials, for all selected pigs are
listed in Table 14a. When considering all replicates together, only errors committed during
A maze trial three tended to differ between high and low pigs (P < 0.10). More differences
were found between high and low pigs within replicates. Low pigs had longer finishing
times during A maze one, in replicates three (P < 0.05) and four (P < 0.01), as well as during
A maze four in replicate three (P < 0.10). High pigs had longer finishing times during A
maze three, in replicate one (P < 0.10), and A maze four, in replicate five (P < 0.05). Low
pigs tended to make more errors than high pigs during A maze one, in replicate five (P <
0.10), and maze six, in replicate three (P < 0.01). However, high pigs had more errors during
A maze two, replicate one (P < 0.10), and A maze 4, replicate five (P < 0.05).

Results from the Wilcoxon Rank-Sum analysis of time to complete and errors during
A maze trials are presented in Table 15a. Overall, high and low pigs differed in errors
committed during A maze trial three (P < 0.01), with high pigs having more errors. High
pigs took longer to finish A maze trial two, in replicate one (P < 0.10), trial three, in replicate
one (P <0.05), and trial four, in replicate five (P < 0.01). Low pigs tended to take longer to
complete A maze trial four in replicates one and three (P < 0.10). High pigs had more errors
during A maze trial three, in replicates one (P < 0.05) and five (P < 0.01), as well as trial four,
in replicate five (P <0.01). Low pigs in replicate three had more errors than high pigs during

A maze trials three and six (P < 0.10).
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LSMeans for time and error differences between A maze trials, for all selected pigs,
are provided in Table 14b. Overall, there were no significant differences between high and
low pigs for time or error changes between consecutive maze trials. When comparing high
and low pigs within replicates, differences in time changes between trials were found when
comparing A maze one with A maze two, in replicate four, as well as comparing A maze
three with A maze four, in replicates one (P < 0.05) and two (P < 0.01). Changes in errors
committed between A maze three and A maze four also differed between high and low pigs
in replicate one (P < 0.10).

Results of Wilcoxon Rank-Sum analysis of time and error changes between A maze
trials are presented in Table 15b. High and low pigs differed for a couple of traits overall.
Change in errors between A maze trials two and three tended to differ between high and low
pigs (P <0.10). Time difference between A maze trials three and four also differed between
high and low pigs (P < 0.05). Within replicate, differences between high and low pigs were
found for time change between A maze trials one and two in replicate four (P < 0.05), errors
change between trials two and three in replicate five (P < 0.05), time change between trials
three and four in replicates one (P < 0.05) and two (P < 0.10), errors change between trials
three and four in replicate one (P < 0.05), errors change between trials four and five in
replicate two (P < 0.10), and time change between trials five and six in replicate one (P <
0.10).

Completion frequencies for A maze trials and the corresponding chi-square values are

provided in Table 16. When looking at pigs from all replicates combined, more high pigs
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tended to complete A maze trial four within the time limit than low pigs (P < 0.10). During
A maze trial six, in replicate three, more high pigs finished the trial in time than low pigs (P <
0.05). However, in replicate five, more low pigs completed the maze compared to high pigs
(P <0.01).

Only Pigs that Completed Maze

LSMeans for A maze trials looking only at those pigs that completed the maze within
the maximum time of 10 minutes are presented in Table 14c. Overall, high pigs took longer
to finish and committed more errors during A maze trial three compared to low pigs (P <
0.05). More differences between high and low pigs were found within replicates. Low pigs
in replicate three took longer than high pigs to finish A maze trials one (P < 0.01) and four (P
<0.10), while low pigs in replicate four took longer to complete A maze trial one (P < 0.01).
High pigs took longer than low pigs to complete A maze trial three in replicate one (P <
0.01), and maze trial four in replicate five (P < 0.05). Low pigs committed more errors than
high pigs during A maze trial one in replicate five (P < 0.05). However, high pigs had more
errors during A maze trial three, in replicates one (P < 0.10) and two (P < 0.05), and A maze
trial four, in replicates four and five (P < 0.05).

When looking at changes in time to complete and errors during A maze trials, no
differences were found between high and low pigs overall (Table 14d). High and low pigs
differed in completion time changes, with high pigs showing decrease and low pigs showing
increase, which comparing A maze three with A maze four in replicates one (P < 0.05) and

two (P < 0.10). High and low pigs also differed in time changes between A maze two and A
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maze three within replicate two (P < 0.10); however, this difference was in the opposite
direction. Changes in number of errors between mazes were also found to tend to differ
between high and low pigs in A maze three versus A maze four, in replicate one (P < 0.10)
with more errors by low pigs, and when comparing A maze two with A maze three four pigs
in replicate two (P < 0.01), with high pigs having more errors.

B Maze Tests (3 Minute Maximum)

All Selected Pigs

LSMeans time to complete and errors committed during B maze trials, for all selected
pigs, are presented in Table 17a. When looking at pigs from all replicates together, low pigs
tended to commit more errors than high pigs during B maze trial one (P < 0.10). Low pigs
took longer than high pigs to complete B maze trial four in replicate three (P < 0.10). Low
pigs committed more errors than high pigs during B maze trial one in replicate five (P <
0.01). High pigs in replicate five took longer to complete and committed more errors than
low pigs during B maze trial four (P < 0.05).

Results from Wilcoxon Rank-Sum analysis of time to complete and errors during B
maze trials are presented in Table 18a. Overall, high and low pigs only significantly differed
in errors committed during trial four (P < 0.05), with high pigs having more errors. Low pigs
tended to take longer than high pigs to complete trial four in replicate three (P < 0.10). High
pigs took longer than low pigs to complete trial four in replicate five (P < 0.05). Low pigs

tended to make more errors than high pigs during trial one in replicate four (P < 0.10). High
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pigs had more errors than low pigs during trial four in replicate five (P < 0.01) and during
trial six in replicate four (P < 0.10).

High and low pigs did not differ overall or within replicate when comparing time and
errors changes between B maze trials (Table 17b).

In the Wilcoxon Rank-Sum analysis of changes in time and errors between
consecutive B maze trials (Table 18b), high and low pigs did not differ overall. However
several differences were found within replicate. High and low pigs in replicate three tended
to differ in time change between trials four and five (P < 0.10). High and low pigs in
replicate five differed in errors change between trials two and three (P < 0.05), time change
between trials three and four (P < 0.10), and time and errors changes between trials four and
five (P <0.10).

Completion score frequencies and chi-squared values for B maze trials are listed in
Table 19. Overall, high and low groups did not differ in percentage of pigs that completed
the trials within the time limit. In replicate three, there was a tendency for more high than
low pigs to complete B maze trial four (P < 0.10). However, in replicate five, more low pigs
than high pigs completed B maze trials one (P < 0.10), three (P < 0.05), four (P < 0.01), and
five (P <0.10).

Only Pigs that Completed Maze

LSMeans for only those pigs that completed B maze trials within time limit are

presented in Table 17c. Errors committed by low pigs in replicate four during B maze trials

five and six could not be calculated in this analysis. This is believed to be due to the few
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replicate four, low pigs that had videos of these trials did not having any errors during the
applied three minute time limit. Because of this, overall errors during B maze trials five and
six for low pigs could not also be estimated. Overall, high pigs tended to make more errors
than low pigs during B maze trial four (P < 0.10). Low pigs had more errors than high pigs
in replicate five during B maze trial one (P < 0.05). High pigs committed more errors than
low pigs during B maze trial four in replicates four (P < 0.10) and five (P < 0.05).

When looking at changes in time to complete and errors committed between
consecutive B maze trials for only those pigs that completed trials within the time limit, no
differences were found between high and low pigs overall or within replicates (Table 17d).

Cardiac Response to Novelty

Cardiac responses from NOT1 are presented in Table 20a (also in Figures 3a and 3Db).
Overall, high pigs tended to have higher mean baseline heart rates compared to low pigs (P <
0.10). In replicate two, high pigs had a significantly higher mean baseline heart rate
compared to low pigs (P < 0.01). Differences between heart rates at specified time points and
corresponding baselines did not differ between high and low pigs for any time point.

Cardiac responses from NOT2 are provided in Table 20b (also in Figures 3c and 3d).
Results from this test differ markedly from NOT1 heart rate results. Overall, mean baseline
heart rates did not differ between high and low pigs. The mean baseline of low pigs was
significantly higher than that of high pigs in replicate five (P < 0.05). At 120 seconds after
NO introduction, heart rate changes tended to differ between high and low pigs in replicates

one, two, and three (P < 0.01). Here, in replicates one and three, the high pigs showed
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positive changes in heart rate and low pigs showed negative changes, however, in replicate
two, the high pigs are showing a negative change and the low pigs have the positive change.
High and low pigs also differ in heart rate changes at 150 and 180 seconds after NO
introduction (P < 0.05), with high pigs showing positive changes while low pigs have
negative changes. At 240 seconds after NO introduction, there are differences between high
and low pigs’ heart rate changes in replicates three (P < 0.05) and five (P < 0.10). At this
time, in replicate three, high pigs have positive changes from their baseline while low pigs
have negative changes, but in replicate four, high pigs are showing negative changes and low
pigs are showing positive changes. The same thing occurs at 270 seconds after NO
introduction, again in replicates three (P < 0.05) and four (P < 0.10).
Discussion

The literature suggests that the backtest is a measure of coping style in pigs because it
is thought to demonstrate an active attempt to escape a stressor, a characteristic of the
proactive coping style (Hessing et al., 1993; Koolhaas et al., 1999). If this suggestion is true,
pigs that are classified as high resisters during the backtest (High pigs in this study) should
demonstrate other proactive coping style responses during other tests (Koolhaas et al., 1999).
Likewise, pigs classified as low resisters (Low pigs) should exhibit reactive coping style
characteristics.

If BT does measure coping style, High pigs should be quicker to approach a novel
object, but spend less time exploring the object after initial contact when compared to low
pigs (Hessing et al., 1994). Cardiac response to novelty should also differ between high and

low pigs with high pigs showing greater increase in heart rate in response to novelty
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compared to low pigs, which may even show slight decrease in heart rate (Hessing et al.,
1994). These differences between High and Low pigs were not found in the current study.
This lack of consistent, significant differences indicating coping styles could have several
causes. One possible explanation is that the previous study performed the novel object tests
in combination with open field tests, in novel environments. However, tests in this study
were performed in the familiar environments of pigs’ home pens. The pigs’ reactions, both
behavioral and physiological, to the novel object introduction in the Hessing et al. (1994)
study could have been impacted by the stress of an unfamiliar location. Another possible
explanation is that, in the prior study, novelty tests were performed when the pigs were at
different life stages compared to pigs in this study. In the Hessing et al. (1994) study, tests
were performed once before weaning and again several weeks after weaning; five weeks total
between tests. However, in this study, both novel object test events were performed after
piglets were weaned and occurred only one week apart. Another reason no differences were
found in the current study, could be that the items used as novel objects in this study did not
elicit the same novelty responses as the items in the previous study. If all pigs in this study
were more or less startled by these objects than pigs in the Hessing et al. (1994) study,
differences in behavior and cardiac response between High and Low pigs may not have been
as pronounced.

During an aggression test, High pigs should be more aggressive than Low pigs, if
they differ in coping style (Hessing et al., 1993). Results from this study did not demonstrate
consistent differences in aggression between High and Low pigs. A possible explanation for

this could be the specific aggression tests used in the studies. As Jensen et al. (1995)
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highlighted, the aggression test used in the Hessing et al. (1993) study could be influenced by
group behavior and therefore, may not be a reliable indicator of individual aggression.
However, the resident intruder test, which was used in this study, is believed to be a reliable
measure of individual aggression (Erhard and Mendl, 1997).

If backtest performance is a measure of coping style, then High and Low pigs should
differ in maze navigation methodology. When subjected to a maze test during which cues,
that may be used to navigate the maze, are changed, Low pigs should show greater reaction
to the changes, in the form of increased time to complete maze and more errors, when
compared to High pigs (Benus et al., 1987). Additionally, High and Low pigs should differ
in both measures of maze performance from the first trial due to the highly exploratory
nature of the reactive coping style, thought to be exhibited by the Low pigs (Benus et al.,
1987). Significant differences between High and Low pigs’ performances during the maze
trials in which cues were changed were not consistently found in this study. Similarly, High
and Low pigs did not consistently differ in time or errors over all maze trials, as would be
predicted in individuals with different coping styles. The lack of differences could be due to
several factors. First, significant changes were made to the original procedures described by
Benus et al. (1987) when adapting the maze test for pigs. Having a set number of training
trials instead of advancement criteria may have prevented pigs from fully developing routines
or establishing cues that would have lead to differences when cues were changed. Also,
rodents in the previous study (Benus et al., 1987) were only given access to food in the goal

box at the end of the maze. Conversely, pigs in this study had access to food in their home
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pens at all times except the eight hours preceding maze trials. Therefore, motivation to
complete the maze could have been higher in the rodents compared to the pigs.

If backtest did measure coping styles in pigs, traits from the backtest should be
correlated with performance during other tests of coping style. In this study, total time
struggling and total number of struggle attempts did not correlate with any of the traits
measuring aggression, response to novelty, or cue usage during maze navigation.

When looking at results of the current study, consistent differences between High
and Low pigs during novel object, cardiac response to novelty, resident intruder, and maze
tests did not exist. When significant differences did exist they were not always in the
direction that characterizes proactive and reactive copings styles. Based on these results, it

does not appear that performance during the backtest is an indicator of coping style in pigs.
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Table 1. Behavioral characteristics of coping styles in mice and rats

Test Characteristic Proactive Reactive Reference
Attack latency & resident intruder ~ Aggression High Low Benusetal, 1991, Oortmerssen
and Bakker, 1981; de Boeret al.,
Attack latency Short Long 2003
Slutyer et al., 1996; Sgoifo et al.,
Shock prod/defensive burying Behavioral response to stressor Active  Passive 1996; Slutyer et al., 1999; de Boer
and Koolhaas, 2003
Benus et al., 1989; Driscoll et al.,
Active shock avoidance Success at shock avoidance High Low 1998
Open field Latency to move from start position Short Long Steimerand Driscoll, 2005;
Locomotion More Less Veenemaetal, 2003
Grooming Less More
Maze Reliance on cues Low High Benus etal., 1987; Benus etal,
Routine formation High Low 990
Flexibility in adjusting to change Low High
Exploration of maze Low High
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Table 2. Physiological Characteristics of Coping Styles in Mice and Rats

Characteristic Proactive Reactive  Reference
Hypothalamic Pituitary Low Hiah Korte et al., 1996;
Adrenal-axis reactivity 9 Veenema et al., 2003
Sympathetic reactivity High Low

. .. . Fokkema et al., 1988;
Parasympathetic reactivity Low High Bohus et al., 1087
Heart rate reaction to stress Tachycardia Bradycardia
Dopamine reactivity High Low Koolhaas, 2008
Serotonin levels High Low Korte et al., 1996
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Table 3. Tests of Coping Style Characteristics in Pigs

Test Characteristic

Reference

Social confrontation

Resident intruder Aggression

Open field

Open door Response to novelty
Novel object P

Human approach

Maze Routine Formation

Cardiac response to stress  Sympathetic versus parasympathetic reactivity

Cortisol levels HPA-axis reactivity

Hessing et al., 1995; Hessing et al., 1993; D'Eath and Pickup,
2002

Girouxet al., 2000; Hessing et al., 1994; Jensen et al., 1995a;
Ruis et al., 2000; van Erp-van der Kooij et al., 2002; Forkman
et al., 2005; Spoolder et al., 1996; Janczak et al., 2003

Bolhuis et al., 2004

Hessing et al., 1994; Ruis et al., 2001

Ruis et al., 2000; Ruis et al., 2001; Hessing et al., 1994
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Table 4. Number of Pigs in Study and Backtest LSMeans” for Selected Pigs

Test 1 Test 2 Overall
Trait’: TS(s) SA TS(s) SA TTS(s) TSA

Replicate Born Group Selected Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
1 133  High 14 28.59** 181 5.14** 0.37 31.52** 2,04 3.80** 0.33 60.10** 2.09 8.94** (054

Low 14 7.07 180 157 036 4.29 203 100 033 1136 208 257 0.54

2 98 High 10 37.23** 216 4.69** 044 2563** 244 3.89** 039 62.87** 250 858** 0.65

Low 10 1018 215 231 043 488 242 138 039 1506 248 3.68 0.64

3 123  High 13 36.47** 187 3.92** 0.38 39.62** 210 4.06** 0.34 76.09** 216 7.98**  0.56

Low 13 1000 187 192 0.38 5.53 210 155 034 1553 216 348 0.56

4 95  High 10 40.62** 215 3.89** 0.43 46.52** 242 3.42* 039 87.14** 248 7.32** 0.64

Low 10 7.10 213 140 043 1160 240 210 039 1870 246 350 0.64

5 126  High 13 42.92** 1.87 3.92* 038 4238** 210 4.71** 0.34 8530** 216 8.63** 056

Low 13 1213 190 285 0.39 5.89 214 149 035 1802 219 434 0.57

Total’ 575 High 60 37.16** 0.89 4.31** 0.18 37.13** 1.01 3.98** 0.16 74.30** 1.03 8.29** 0.27
Low 60 9.29 089 201 0.18 6.44 1.00 150 016 1573 102 351 0.27

LSMeans have been calculated using model adjusting for sex

20Overall measurements calculated by summing measurements fromtest 1 and test 2

3TS = time struggling, SA = struggle attempts, TTS = total time struggling (sum of TS fromtests 1 and 2), TSA = total struggle attempts (sum of SA fromtests 1 and 2)

“Total LSMeans have also been adjusted for replicate

*Indicates significant difference between High and Low pigs at P <0.05

**Indicates significant difference between High and Low pigs at P <0.01
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Table 5a. P-Values of Fixed Effects for All Pigs"

Fixed Effect’ Fixed Effect®
Group* Group*
Test Replicate Test Replicate
Test Event Trait® Replicate  Sex Group Interaction Test Event  Trait® Replicate  Sex Group Interaction
Backtest 1 TS <.0001 0.09 - - Maze A 1wvs2 Time 0.08 063 0.73 0.15
SA 0.16  0.88 - - . 5 Errors 001 097 0.98 0.58
2 TS <0001 000 - - Comparisons™ 5 <3 Time  0.69 040 066 092
SA <.0001 0.00 - - Errors  0.08 052 0.71 0.76
Overall TTS <.0001 0.01 - - 3vs4  Time 082 067 0.11 0.04
TSA 0.01 0.07 - - Errors 0.97 0.89 0.70 0.12
4vs5  Time 0.17 048 0.39 0.76
Novel Object 1 EXLAT 064 040 041 0.38 Errors 009 0.80 0.82 0.70
TEX 006 045 0.82 0.01 5vs6 Time 060 045 0.60 0.54
2 EXLAT 0.77 093 0.21 0.49 Errors 0.67 0.55 0.27 0.87
TEX 0.18 0.86 0.58 0.00
Overall TEXLAT 062 0.77 0.16 0.50 Maze B° 1 Time 047 0.05 044 1.00
TTEX 0.16 058 0.64 0.00 Errors 023  0.00 0.10 0.03
2 Time 012 027 091 0.95
Resident Intruder 1 CONLAT 069 0.39 0.60 0.24 Errors 060 0.44 0.5 0.94
CONTOATT 0.04 093 0.86 0.97 3 Time 091 0.09 0.81 0.54
ATTLAT 0.09 064 0.99 0.92 Errors 004 055 0.27 0.69
2 CONLAT 0.10 046 0.46 0.37 4 Time 062 040 0.57 0.02
CONTOATT 093 0.09 045 0.24 Errors 0.01 075 0.23 0.08
ATTLAT 094 0.07 051 0.15 5 Time 082 097 0.82 0.59
Owerall TCONLAT 058 0.83 0.96 0.18 Errors 039 0.83 0.78 0.76
TCONTOATT 028 031 0.67 0.55 6 Time 023 068 0.35 0.48
TATTLAT 0.22 0.14 0.61 0.26 Errors 0.05 0.02 0.88 0.19
Maze A* 1 Time 0.16 058 064 0.00 MazeB 1V 2 Time 035 023 039 0.99
Errors 0.01 0.15 0.12 0.24 Comparisons5 Errors 0.93 0.16 0.98 0.59
2 Time 005 025 0.69 0.50 vs3  Time 0.09 018 0.63 0.56
Errors 061 057 081 0.39 Errors  0.07 0.05 0.28 0.58
3 Time 001 058 0.24 0.37 3vs4  Time 058 067 0.77 0.20
Errors 056 0.82 0.07 0.64 Errors 036 031 0.63 0.84
4 Time 004 064 0.38 0.02 4vs5  Time 082 050 0.78 0.33
Errors 021 012 094 0.10 Errors 043 046 0.56 0.56
5 Time 072 038 0.92 0.49 5vs6 Time 020 0.68 0.56 1.00
Errors 022 026 0.80 0.74 Errors 091 0.04 048 0.58
6 Time 038 094 0.63 0.81
Errors 0.35 048 045 0.21

'Subset of pigs: for backtest = pigs selected for additional behavior tests (n=120); for all other tests = only pigs that did explore the object, did have an attack occurrence, or did complete
maze within maximum allotted time (in each respective test)

2Fixed Effect: Group = effect of backtest group classification (high or low), Replicate = effect of farrowing group replicate, Sex = effect of sex

3Trait: TS = time struggling, SA = number of struggle attempts, TTS = total time struggling (sum of TS fromtest 1 and test 2), TSA = total struggle attempts (sum of SA fromtest 1 and test 2),
EXLAT = latency to explore/contact novel object, TEX = time exploring object during test, TEXLAT =total latency to explore novel object (sumof EXLAT fromtest 1and test 2), TTEX =
total time exploring object (sum of TEX fromtest 1 and test 2), CONLAT = latency to contact intruder, CONTOATT = time from contact until attack, ATTLAT = latency to attack, TCONLAT
=total latency to contact intruder (sum of CONLAT fromtest 1 and test 2), TCONTOATT = total time from contact to attack (sumof CONTOATT fromtest 1 and test 2), TATTLAT =total
attack latency (sumof ATTLAT fromtest 1 and test 2), Time = time to complete maze trial, Errors = number of errors committed during maze trial

“Maze A = 10 minute maximumto complete maze trial
®Maze Comparisons: X vs Y = (maze trial Y) - (Maze trial X)
5Maze B = 3 minute maximumto complete maze trial
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Table 5b. P-Values of Fixed Effects for Subset of F’igs1

Fixed Effect’ Fixed Effect®
Group* Group*
Test Replicate Test Replicate
Test Event Trait® Replicate  Sex Group Interaction Test Event  Trait’ Replicate  Sex Group  Interaction
Backtest 1 TS <0001 0.5 <.0001 0.03 Maze A 1vs2 Time 0.16 0.79 0.67 0.72
SA 0.20 091  <.0001 0.02 g Errors  0.02 0.68 0.73 0.81
2 TS <0001 094 <0001  0.00 Comparkons™ 53 Tie 073 032 008 038
SA 0.35 0.11 <.0001 0.13 Errors 0.05 0.54 0.14 0.30
Overall TTS <.0001 0.24 <.0001 <.0001 3vs4 Time 0.82 0.87 0.32 0.06
TSA 0.43 0.29 <.0001 0.21 Errors 1.00 0.88 0.85 0.14
4vs5 Time 0.46 0.11 0.48 0.92
Novel Object 1 EXLAT 0.64 0.40 041 0.38 Errors  0.29 0.48 0.94 0.96
TEX 0.06 0.45 0.82 0.01 5vs6  Time 0.50 0.94 0.99 0.47
2 EXLAT 0.93 0.43 0.26 0.49 Errors  0.66 0.99 0.86 0.31
TEX 0.06 0.52 0.81 0.00
Overall  TEXLAT 093 075 016 0.69 Maze B® 1 Timle 023 016 094 0.43
TTEX 0.12 0.30 0.86 0.00 Errors 0.41 0.24 0.18 0.14
2 Time 0.13 0.13 0.73 0.58
Resident Intruder 1 CONLAT 0.86 0.63 0.15 0.08 Errors  0.65 0.34 0.74 0.79
CONTOATT  0.73 0.40 0.76 0.99 3 Time 0.67 0.02 0.63 0.79
ATTLAT 0.72 0.83 0.53 0.92 Errors  0.66 0.98 0.50 0.90
2 CONLAT 0.11 0.20 0.86 0.44 4 Time 0.33 0.85 0.87 0.45
CONTOATT 0.06 0.02 0.50 0.47 Errors 0.00 0.05 0.10 0.02
ATTLAT 0.08 0.01 0.56 0.66 5 Time 0.07 0.76 0.43 0.95
Overall TCONLAT 0.70 0.16 0.78 0.02 Errors 0.42 0.76 0.63 0.92
TCONTOATT  0.33 0.35 0.57 0.69 6 Time 0.08 0.86 0.28 0.40
TATTLAT 0.35 0.06 0.66 0.61 Errors  0.49 0.76 0.25 0.59
Maze A* 1 Time 0.41 0.42 0.47 0.00 Maze B 1vs2 Time 0.28 0.85 0.65 0.40
Errors 0.01 0.22 0.11 0.17 Comparison55 Errors 0.48 0.87 0.46 0.98
2 Time 0.13 0.31 0.61 0.81 2vs3 Time 0.08 0.10 0.76 0.64
Errors 0.79 0.26 0.73 0.50 Errors 0.52 0.01 0.54 0.64
3 Time 0.13 0.33 0.03 0.03 3vs4  Time 0.39 0.05 0.78 0.92
Errors 0.88 0.48 0.02 0.43 Errors  0.95 0.08 0.87 0.47
4 Time 0.92 0.90 0.69 0.03 4vs5  Time 0.30 0.38 0.22 0.16
Errors 0.83 0.03 0.17 0.07 Errors 0.19 0.86 0.76 0.08
5 Time 0.69 0.62 0.71 0.65 5vs6  Time 0.14 0.92 0.91 0.43
Errors 0.06 0.25 0.62 0.88 Errors 0.90 0.81 0.68 0.25
6 Time 0.38 0.45 0.69 0.67
Errors 0.50 0.64 0.45 0.42

subset of pigs: for backtest = pigs selected for additional behavior tests (n=120); for all other tests = only pigs that did explore the object, did have an attack occurrence, or did complete maze within
maximum allotted time (in each respective test)

2Fixed Effect: Group = effect of backtest group classification (high or low), Replicate = effect of farrowing group replicate, Sex= effect of sex

3Trait: TS = time struggling, SA = number of struggle attempts, TTS = total time struggling (sum of TS fromtest 1 and test 2), TSA = total struggle attempts (sumof SA fromtest 1 and test 2), EXLAT =
latency to explore/contact novel object, TEX = time exploring object during test, TEXLAT =total latency to explore novel object (sumof EXLAT fromtest 1 and test 2), TTEX = total time exploring object
(sumof TEX fromtest 1 and test 2), CONLAT = latency to contact intruder, CONTOATT = time from contact until attack, ATTLAT = latency to attack, TCONLAT = total latency to contact intruder (sum of
CONLAT fromtest 1 and test 2), TCONTOATT = total time from contact to attack (sumof CONTOATT fromtest 1 and test 2), TATTLAT = total attack latency (sumof ATTLAT fromtest 1 and test 2),
Time = time to complete maze trial, Errors = number of errors committed during maze trial

“Maze A = 10 minute maximum to complete maze trial

SMaze Comparisons: X vs Y = (maze trial ) - (Maze trial X)

5Maze B = 3 minute maximumto complete maze trial
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Table 6a. Pearson Correlation Coefficients for Backtest, Novel Object, Resident Intruder, and Production Measurements®

Backtest Novel Object Test Resident Intruder Test Production Traits

Test Traits’ TSA  TEXLAT TTEX TCONLAT TCONTOATT TATTLAT pADG A2ldwt

TTS 0.59** 0.13 -0.05 0.01 -0.03 -0.03 -0.24**  -0.19*
Backtest

TSA 0.00 0.04 0.02 -0.08 -0.08 -0.11 -0.06
Novel TEXLAT -0.32** 0.12 0.03 0.06 -0.12 -0.11
Object TTEX 0.03 0.04 0.05 0.11 0.10
Resident ~ TCONLAT -0.33** 0.01 -0.09 -0.09
Intruder TCONTOATT 0.93** -0.02 -0.03

TATTLAT -0.03 -0.05
Production 0.97**
Trait PADG

YFor backtest correlations all backtested pigs were used, for all other tests only those pigs selected for additional behavior tests were used

2TSA =total number of struggle attempts, TEXLAT = total latency to explore novel object, TTEX = total time exploring novel object, TCONLAT = total
latency for contact between resident and intruder, TCONTOATT = total time from contact to attack, TATTLAT = total latency to attack, TTS = total
time struggling, pADG = preweaning average daily gain, A21dwt = adjusted 21-day weight

*P<0.05
**p<0.01
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Table 6b. Pearson Correlation Coefficients Between Maze Triats and All Other Measurements

Maze A (10 Minute Maximum)

Maze 1 Maze 2 Maze 3 Maze 4 Maze 5 Maze 6

Test Traits* Time Errors Time Errors Time Errors Time Errors Time Errors Time Errors
Backtest TTS -0.05 -0.06 0.02 -0.02 0.04 0.16 -0.07 -0.02 0.03 0.03 0.06 0.02

TSA 0.04 -0.13 0.00 -0.01 0.04 0.11 -0.13 -0.04 -0.06 -0.04 -0.04 0.11
Novel TEXLAT -0.32**  0.15 0.11 0.15 0.167 0.18 0.167 0.22* 0.21* 0.12 0.21* 0.03
Object TTEX 1.00** -0.24* 0.18* 0.05 0.12 -0.05 0.01 -0.04 -0.14 -0.08 0.01 -0.02
Resident TCONLAT 0.03 -0.02 -0.07 0.00 0.07 0.03 0.14 0.00 0.09 0.01 0.157 0.06
Intruder TCONTOATT 0.04 -0.03 0.15 -0.01 0.157 0.17 -0.01 -0.02 0.09 0.03 0.04 -0.13

TATTLAT 0.05 -0.03 0.12 -0.02 0.14 0.17 0.04 -0.03 0.12 0.05 0.07 -0.09
Production pADG 0.11 -0.22* 0.01 -0.21+ -0.18%  -0.13 -0.12 -0.06 -0.24*  0.08 -0.16%  0.197
Traits A21dwt 0.10 -0.25*  0.02 -0.17 -0.17t -0.14 -0.10 -0.06 -0.23** 0.05 -0.14 0.207

Maze B (3 Minute Maximum)
Maze 1 Maze 2 Maze 3 Maze 4 Maze 5 Maze 6

Test Traits® Time Errors Time Errors Time Errors Time Errors Time Errors Time Errors
Backtest TTS 0.15 -0.20 0.06 -0.03 0.00 0.12 0.08 0.17 0.05 0.00 0.05 -0.05

TSA 0.03 -0.19 0.04 0.03 -0.06 -0.11 0.05 0.00 0.04 -0.05 0.12 0.10
Novel TEXLAT 0.34** 0.04 0.24* 0.18 0.18 -0.11 0.18 0.21 0.217 0.20 0.31** -0.01
Obiject TTEX -0.16 -0.24 0.06 0.08 0.03 -0.15 0.13 0.07 -0.08 -0.05 -0.09 -0.14
Resident TCONLAT 0.05 0.08 0.05 0.17 0.11 0.01 0.227 0.01 0.15 0.00 0.40** 0.04
Intruder TCONTOATT 0.23F 0.05 0.09 0.15 0.13 0.22 0.03 0.10 0.08 -0.11 -0.06 -0.03

TATTLAT 0.26* 0.10 0.10 0.23F 0.13 0.23 0.10 0.11 0.14 -0.11 0.06 0.01
Production pADG -0.05 -0.14 0.06 0.20 -0.10 -0.19 -0.02 0.10 -0.09 0.19 -0.07 0.20
Traits A21dwt -0.05 -0.21 0.01 0.16 -0.07 -0.18 0.01 0.10 -0.09 0.15 -0.08 0.24

Time = time to complete maze trial, Errors = number of errors committed during maze trial TSA = total number of struggle attempts, TEXLAT = total latency to explore novel object,
TTEX = total time exploring novel object, TCONLAT = total latency for contact between resident and intruder, TCONTOATT = total time from contact to attack, TATTLAT = total
latency to attack, TTS = total time struggling, pADG = preweaning average daily gain, A21dwt = adjusted 21-day weight

TIndicates difference between High and Low pigs at P <0.1
*Indicates significant difference between High and Low pigs at P <0.05
**Indicates significant difference between High and Low pigs at P <0.01
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Table 7. Wilcoxon Rank-Sum Analysis of Backtest Traits, Only Pigs Selected For Additional Behavior Tests

Test 1
Trait’; TS SA
Replicate Group N? Sumof Expected StdDev Mean  Sumof Expected StdDev  Mean
Scores  Under HO Under HO  Score Scores  Under HO Under HO  Score
Overal® High 60 5418.0** 3630.0 19040 90.30 4969.0** 3630.0 187.27 82.82
Low 60 1842.0 3630.0 190.40 30.70 2291.0 3630.0 187.27 38.18
1 High 14 301.0**  203.0 21.70 21.50 294.5**  203.0 21.47 21.04
Low 14 105.0 203.0 21.70 7.50 1115 203.0 21.47 7.96
2 High 10 155.0**  105.0 13.20 1550 139.0**  105.0 12.89 13.90
Low 10 55.0 105.0 13.20 5.50 71.0 105.0 12.89 7.10
3 High 13 260.0** 1755 19.48 20.00 237.5** 1755 18.92 18.27
Low 13 91.0 175.5 19.48 7.00 1135 175.5 18.92 8.73
4 High 10 152.0**  105.0 13.14 1520 143.0**  105.0 13.01 14.30
Low 10 58.0 105.0 13.14 5.80 67.0 105.0 13.01 6.70
5 High 13 260.0** 1755 19.47 20.00 218.0* 175.5 18.87 16.77
Low 13 91.0 175.5 19.47 7.00 133.0 175.5 18.87 10.23
Test 2
Trait’: TS SA
Replicate Group N? Sumof Expected StdDev Mean  Sumof Expected StdDev  Mean
Scores  Under HO Under HO Score  Scores  Under HO Under HO  Score
Overal® High 60 5398.0** 3630.0 190.40 89.97 5194.0** 3630.0 187.69 86.57
Low 60 1862.0 3630.0 190.40 31.03 2066.0 3630.0 187.69 34.43
1 High 14 301.0** 203.0 21.71 2150 297.0**  203.0 21.32 21.21
Low 14 105.0 203.0 21.71 7.50 109.0 203.0 21.32 7.79
2 High 10 155.0**  105.0 13.21 1550 149.0**  105.0 13.03 14.90
Low 10 55.0 105.0 13.21 5.50 61.0 105.0 13.03 6.10
3 High 13 260.0** 1755 19.47 20.00 247.5** 1755 18.98 19.04
Low 13 91.0 175.5 19.47 7.00 103.5 175.5 18.98 7.96
4 High 10 151.0**  105.0 13.22 1510 129.5* 105.0 12.69 12.95
Low 10 59.0 105.0 13.22 5.90 80.5 105.0 12.69 8.05
5 High 13 260.0** 1755 19.48 20.00 259.5** 1755 19.17 19.96
Low 13 91.0 175.5 19.48 7.00 91.5 175.5 19.17 7.04
Overall
Trait": TTS TSA
Replicate Group N? Sumof Expected StdDev Mean  Sumof Expected StdDev  Mean
Scores  Under HO Under HO Score  Scores  Under HO Under HO  Score
Overal® High 60 5430.0** 3630.0 190.44 9050 5293.5** 3630.0 189.42 88.23
Low 60 1830.0 3630.0 190.44 30.50 1966.5 3630.0 189.42 32.78
1 High 14 301.0**  203.0 21.73 21.50 300.5**  203.0 21.58 21.46
Low 14 105.0 203.0 21.73 7.50 105.5 203.0 21.58 7.54
2 High 10 155.0**  105.0 13.21 1550 147.0**  105.0 13.14 14.70
Low 10 55.0 105.0 13.21 5.50 63.0 105.0 13.14 6.30
3 High 13 260.0** 1755 19.45 20.00 254.5** 1755 19.30 19.58
Low 13 91.0 175.5 19.45 7.00 96.5 175.5 19.30 7.42
4 High 10 155.0**  105.0 13.22 1550 147.5**  105.0 12.92 14.75
Low 10 55.0 105.0 13.22 5.50 62.5 105.0 12.92 6.25
5 High 13 260.0** 1755 19.49 20.00 256.0** 1755 19.26 19.69
Low 13 91.0 175.5 19.49 7.00 95.0 175.5 19.26 7.31

TS = time struggling, SA = struggle attempts, TTS = total time struggling (sum of TS fromtests 1 and 2), TSA = total struggle
attempts (sumof SA fromtests 1and 2)

N = number of pigs included in analysis

30verall LSMeans have also been adjusted for replicate
*Indicates significant difference between High and Low pigs at P <0.05

**Indicates significant difference between High and Low pigs at P <0.01
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Table 8a. Novel Object LSMeans’, All Selected Pigs

Test 1
Trait’: Latency(s)® Time Explorinq(s)b
95% Confidence 95% Confidence
Limits Limits
Replicate  Group Mean Lower Upper Mean  Lower  Upper
Overal’ High 1097 922 1306 5412 4882 59.69
Low 8.97 7.61 1057 55.84 50.73 61.20
1 High  9.68 6.88 13.64 7428f 62.09 87.55
Low 10.32 743 1434 4708 3785 5731
2 High 1257 7.87 20.07 2899 19.15 40.88
Low 11.23 759 16.62 52.05 4057 64.97
3 High 10.04 7.13 1412  42.06 33.05 52.16
Low 1542 1096 21.70 51.73 4168 62.86
4 High 14.14% 9.36 21.35 42931 3257 54.73
Low 4.86 3.22 7.32 75.01 6118 90.25
5 High 9.21 6.46 13.14 94.89* 81.09 109.78
Low 6.68 4.72 9.46 55.28 4471  66.98
Test2
Trait’: Latency(s)® Time Exploring(s)”
95% Confidence 95% Confidence
Limits Limits
Replicate  Group Mean  Lower Upper  Mean  Lower  Upper
Owral® High 1416 1167 1718 6068 5240 69.56
Low 10.02 831 12.09 6754 59.19 76.43
1 High 9.25 6.28 1361 89.88 70.21 111.97
Low 11.23 7.51 16.77 57.80 42.31 75.70
2 High 27.33 1611 4636 99.13 7143 131.36
Low 9.74 6.25 1517 46.07 3055 64.78
3 High 1225 833 18.02 22.22* 13.07 33.77
Low 1491 1014 2192 6598 4935 85.02
4 High 11.99 7.70 18.68 45.15** 29.80 63.69
Low 8.84 5.69 13.72 130.66 103.61 160.83
5 High 1532 1042 2253 6525 48.72 84.20
Low 7.02 4.67 1055 51.07 36.36  68.29
Overall
Trait’: Total Latency(s)® Total Time Exploring(s)®
95% Confidence 95% Confidence
Limits Limits
Replicate  Group Mean Lower Upper Mean  Lower  Upper
Oweral’ High 3160 2679 37.27 12553 11420 137.39
Low 2276 1945 26.64 133.23 12210 144.85
1 High 24.05 1729 3345 170.16 14425 19822
Low 2524 1816 35.08 11651 9531 139.84
2 High 54.01 3440 84.80 14287 111.07 178.66
Low 2433 16.67 3550 110.18 86.72 136.45
3 High 25.95 18.67 36.06 67.30* 51.44 85.29
Low 34.05 2450 4732 128.02 10575 152.43
4 High 35.68 2445 52.07 97.43** 7545 12221
Low 17.96 1234 26.13 211.83 178.99 247.43
5 High 26.19 18.84 3640 167.63 141.99 195.40
Low 16.28 11.65 2276 111.37 90.32 13461

*LSMeans have been adjusted for sex

2Latency = time between novel object introduction and first contact of object by pig, Time
Exploring = duration of object contact by pig for length of test, Total Latency = sum of
Latencies fromtests 1and 2, Total Time Bxploring = sum of time exploring fromtest 1 and

test 2

30verall LSMeans have also been adjusted for replicate

®Data were log transformed for analysis and backtransformed to display in this table
®Data were square root transformed for analysis and backtransformed to display in this

table

TIndicates difference between High and Low pigs at P<0.1

*Indicates significant difference between High and Low pigs at P <0.05
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Table 8b. Novel Object LSMeans®, Only Pigs that Explored Object

Test1
Trait’: Latency(s)® Time Exploring(s)”
95% Confidence 95% Confidence
Limits Limits
Replicate  Group Mean Lower Upper  Mean  Lower Upper
Overal®  High 1097 9.22 13.06 5412 4882 59.69
Low 897 7.61 10.57 55.84 50.73  61.20
1 High 9.68 6.88 13.64 7428+ 62.09 87.55
Low 1032 7.43 14.34 47.08 37.85 5731
2 High 1257 7.87 20.07 2899 19.15 40.88
Low 11.23 7.59 16.62 52.05 40.57 6497
3 High 10.04 7.13 1412 42.06 33.05 52.16
Low 1542 1096 21.70 51.73 4168 62.86
4 High 14.14% 9.36 21.35 42931 3257 5473
Low 4.86 3.22 7.32 75.01 61.18 90.25
5 High 9.21 6.46 13.14 94.89* 81.09 109.78
Low 6.68 4.72 9.46 55.28 44.71  66.98
Test 2
Trait’: Latency(s)® Time Exploring(s)”
95% Confidence 95% Confidence
Limits Limits
Replicate  Group Mean  Lower Upper  Mean  Lower  Upper
Overal®  High 1193  9.95 1431 69.00 6052 78.04
Low 8.96 7.54 10.64 7193 63.81 80.53
1 High  9.06 6.38 1286 90.60 7227 111.00
Low 1123 781 16.14 57.99 4358 7447
2 High 17.83 10.65 29.85 135.94* 103.27 173.09
Low 6.84 4.49 10.42 56.17 39.32  76.02
3 High 12.17 8.59 17.25 22.34** 1378 32.95
Low 1159 8.06 16.67 7754  60.07 97.23
4 High 7.98 5.22 1221 57.23* 40.07 77.43
Low 884 5.94 13.15 130.66 105.57 158.41
5 High 1542 10.88 21.86 65.05 49.72 8243
Low 7.34 5.07 10.60 49.82 36.31 65.45
Overall
Trait’: Total Latency(s)* Total Time Exploring(s)”
95% Confidence 95% Confidence
Limits Limits
Replicate  Group Mean Lower Upper Mean  Lower Upper
Overal®  High 27.92 2386 3267 136.16 124.76 148.06
Low 2056 17.75 23.82 13899 128.21 150.20
1 High 23.67 17.48 32.05 171.10f 146.86 197.21
Low 2511 1856 3396 116.77 96.96 138.43
2 High 39.34 2518 6147 180.53 144.48 220.60
Low 1754 1217 2526 126.17 101.49 153.53
3 High 25.81 19.08 3492 67.50** 52.66 84.19
Low 2754 2011 37.72 14122 11849 16594
4 High 26.80 1855 38.72 113.97* 90.39 140.28
Low 1796 1272 2534 21183 181.19 24485
5 High 26.32 19.46 3561 167.32f 143.42 193.06
Low 16.89 1242 2297 109.60 90.11 131.01

!LSMeans have been adjusted for sex
2Latency = time between novel object introduction and first contact of object by pig, Time
Exploring = duration of object contact by pig for length of test, Total Latency = sum of
Latencies fromtests 1and 2, Total Time Exploring = sum of time exploring fromtest 1 and

test 2

30verall LSMeans have also been adjusted for replicate

Data were log transformed for analysis and backtransformed to display in this table

®Data were square root transformed for analysis and backtransformed to display in this

table

FIndicates difference between High and Low pigs at P <0.1

*Indicates significant difference between High and Low pigs at P <0.05

**Indicates significant difference between High and Low pigs at P <0.01
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Table 9. Wilcoxon Rank-Sum Analysis of Novel Object Test Traits

Test 1

Tral itl : EXLAT TEX

Sumof Expected StdDev Mean Sumof Expected StdDev  Mean

H 2
Replicate Group N Scores Under HO Under HO Score  Scores Under HO Under HO  Score

Oweral® High 56 3361.0 3276.0 180.73 60.02 3309.0 3276.0 180.97 59.09
Low 60 34250 3510.0 180.73 57.08 3477.0 35100 180.97 57.95

1 High 13 1785 182.0 20.56 13.73 218.0* 182.0 20.59 16.77
Low 14 1995 196.0 20.56 1425 160.0 196.0 20.59 11.43

2 High 7 645 63.0 10.16 9.21  47.5% 63.0 10.24 6.79
Low 10 885 90.0 10.16 8.85 105.5 90.0 10.24 10.55

3 High 13 158.0 1755 19.36 1215 162.0 1755 19.48 12.46
Low 13 193.0 175.5 19.36 14.85 189.0 175.5 19.48 14.54

4 High 10 123.5f  105.0 13.21 1235 73.0**  105.0 13.22 7.30
Low 10 86.5 105.0 13.21 8.65 137.0 105.0 13.22 13.70

5 High 13 1835 1755 19.40 1412 209.0* 1755 19.49 16.08
Low 13 1675 1755 19.40 12.88  142.0 175.5 19.49 10.92

Test 2

Tral itl : EXLAT TEX

, Sumof Expected StdDev Mean Sumof Expected StdDev Mean

Replicate Group N Scores Under HO Under HO  Score  Scores Under HO Under HO  Score

Oweral® High 56 3388.5 3248.0 17852 60.51 3122.0 3248.0 178.69 55.75
Low 60 32815 34220 17852 5562 3548.0 34220 178.69 60.14

1 High 13 1595 175.5 19.41 12.27 202.0f 1755 19.49 15.54
Low 14 1915 1755 19.41 1473 149.0 1755 19.49 11.46

2 High 7 75.0 63.0 10.22 10.71  79.5% 63.0 10.24 11.36
Low 10 78.0 90.0 10.22 7.80 73.5 90.0 10.24 7.35

3 High 13 163.0 1755 19.47 1254 1345* 1755 19.49 10.35
Low 13 188.0 175.5 19.47 14.46  216.5 175.5 19.49 16.65

4 High 10 1045 105.0 13.16 1045 78.0* 105.0 13.22 7.80
Low 10 105.5 105.0 13.16 10.55 132.0 105.0 13.22 13.20

5 High 13 210.5* 1755 19.46 16.19 1805 1755 19.49 13.88
Low 13 1405 1755 19.46 10.81 1705 175.5 19.49 13.12

Overall

Trait': TEXLAT TTEX

Sumof Expected StdDev Mean Sumof Expected StdDev  Mean

Replicate G 2
eplicate Group N Scores Under HO Under HO Score  Scores Under HO Under HO  Score

Oweral® High 56 3443.0 3248.0 178.66 6148 3180.5 3248.0 178.70 56.79
Low 60 3227.0 34220 178.66 54.69 34895 34220 178.70 59.14

1 High 13 168.0 175.5 19.47 12.92 208.0f 1755 19.50 16.00
Low 14 183.0 1755 19.47 14.08  143.0 1755 19.50 11.00

2 High 7 73.0 63.0 10.23 10.43 72.0 63.0 10.25 10.29
Low 10 80.0 90.0 10.23 8.00 81.0 90.0 10.25 8.10

3 High 13 163.0 1755 19.48 1254 140.5* 1755 19.50 10.81
Low 13 188.0 175.5 19.48 14.46 2105 175.5 19.50 16.19

4 High 10 1175 105.0 13.22 11.75  76.0* 105.0 13.22 7.60
Low 10 925 105.0 13.22 9.25 134.0 105.0 13.22 13.40

5 High 13 201.5+ 1755 19.46 1550 199.0 1755 19.50 1531
Low 13 1495 1755 19.46 1150 152.0 175.5 19.50 11.69

'EXLAT = time between novel object introduction and first contact of object by pig, TEX = duration of object contact by pig
for length of test, TEXLAT = total latency to explore object (sumof EXLAT fromtest 1 and test 2), TTEX = total time exploring
object (sumof TEX fromtest 1 and test 2)

2N = number of pigs included in analysis

®0verall LSMeans have also been adjusted for replicate

TIndicates difference between High and Low pigs at P <0.1

*Indicates significant difference between High and Low pigs at P <0.05
**Indicates significant difference between High and Low pigs at P <0.01
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Table 10. Novel Object Exploration Score’ Frequency2 and Chi-Squared Values

Test 1 Test 2 Overall®
Score Chi- Score Chi- . Chi-
Frequencies Squared Frequencies Squared  Score Frequencies  Squared
Value Value Value
Replicate Group 1 0 1 0 2 1 0
Overall High 100 O ] 96.23 377 14 9623 377 0 ]
Low 100 O 96.61 3.39 9%.61 339 0
1 High 100 O 100 0 100 0 0
Low 100 O - 100 0 ) 100 0 0 i
2 High 100 O 83.33 16.67 8333 1667 O
Low 100 O ) 90 10 OB g 10 o O
3 High 100 0O 100 0 100 0 0
Low 100 O ) 0231 760 PV g3 769 o 09O
4 High 100 O 90 10 90 10 0
Low 100 O ) 100 o 1% 09 0 o 1052
5 High 100 0O 100 0 100 0 0
Low 100 O ) 100 0 ) 100 0 0 i

'Exploration Score = Whether or not pig explored novel object at all during test; 1 = did explore, 0 = did not explore

2Frequency = percentage of pigs in group with specified exploration score

Soverall Exploration Score: 2 = explored object during both test 1 and test 2, 1 = explored object during test 1 ortest 2, 0=

did not explore object during either test
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Table 11a. Resident Intruder Test LSMeans®, All Selected Pigs

Test 1
Trait: Latency to Contact(s)* Time Contact to Attack(s) Latency to Attack(s)
95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits
Replicate Group Mean Lower Upper Mean Lower Upper Mean Lower  Upper
Overal® High 12.05 1040 1396 11997 111.87 128.07 132.92 126.02 139.82
Low 13.45 11.64 1554 121.98 114.02 12994 132.86 126.08 139.64
1 High 1050  7.82 1410 119.20 102.99 13541 126.19 112.38 140.00
Low 1495 1115 20.04 124.00 107.87 140.13 136.93 123.19 150.67
2 High 1414  9.76 2048 159.81 13944 180.18 164.71 147.36 182.06
Low 9.36 6.60 13.27 14722 128.00 166.44 149.33 13295 165.71
3 High 10.91* 8.05 1479 11173 9499 12847 12428 110.02 13854
Low 2654 1958 3598 11420 97.46 13094 13226 118.00 146.52
4 High 1423 10.03 20.19 114.68 9546 13390 134.17 117.79 150.55
Low 9.76 6.90 13.80 130.20 111.12 149.28 13590 119.64 152.16
5 High 11.03  8.13 1495 9443 77.68 111.17 11526 101.00 129.52
Low 1215  8.92 16.57 9429 7726 111.32 109.87 9537 124.37
Test2
Trait:  Latency to Contact(s)® Time Contact to Attack(s)® Latency to Attack(s)
95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits
Replicate Group Mean  Lower  Upper  Mean  Lower  Upper Mean  Lower  Upper
Oweralf High 815 7.18 9.26 90.22 8228 9853 109.09 101.58 116.60
Low 7.12 6.28 8.08 99.20 9097 107.78 116.23 108.82 123.64
1 High 5.26 4.08 6.79 91.34 7572 108.42 108.03 93.01 123.05
Low 4.28 3.29 557 10771 90.16 126.83 118.39 102.88 133.90
2 High 7.62 5.54 1050 110.81 89.33 13460 126.18 107.31 145.05
Low  9.60 7.10 1298 9043 7217 11075 11095 93.14 128.76
3 High 7.81 6.01 10.16 8344 68.09 100.36 100.16 84.65 115.67
Low 9.95 7.65 1294 109.98 92.23 129.29 130.53 115.02 146.04
4 High  9.59 7.09 1297 69.441 5357 87.38 90.65f 72.84 108.45
Low 7.69 5.70 10.37 116.62 9589 139.37 132.20 11453 149.88
5 High 11.99  9.22 1559 98.81 82.03 117.16 120.45 10494 13596
Low 5.83 4.46 7.62 7438 59.69  90.69  89.09 73.32  104.86
Overall
Trait’: Total Latency to Contact(s)* Total thrt]:cig)md 0 Total Latency to Attack(s)
95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits
Replicate Group Mean  Lower  Upper Mean Lower Upper Mean Lower  Upper
Overal® High 2480 2216 27.76 207.31 19544 219.18 242.20 231.43 252.97
Low 24.63 22.04 2752 21459 20287 226.31 250.10 239.47 260.73
1 High 17.18 13.72 2152 21353 189.78 237.28 234.44 212.89 255.99
Low 2274 18.02 28.69 22226 197.73 246.79 261.12 238.87 283.37
2 High 29.21 22.01 3876 251.64 221.79 28149 291.30 264.22 318.38
Low 2422 1854 3162 22536 197.19 25353 259.98 23443 28553
3 High 21.241 16.83 26.80 197.10 17257 221.63 22450 202.25 246.75
Low 3858 30.58 48.68 209.82 185.29 23435 262.73 240.48 284.98
4 High 28.69 2197 3746 184.64 156.47 21281 225.12 199.57 250.67
Low 2057 1578 26.81 24460 216.64 27256 268.10 242.74 293.46
5 High 30.70 2433 3873 189.67 165.14 21420 23565 21340 257.90
Low 20.72 16.36 26.25 170.89 14594 19584 19855 17591 221.19

*LSMeans have been adjusted for sex
2Latency to Contact = time between intruder introduction and first contact by resident pig, Time Contact to Attack = time from
first contact by resident until attack occurrence, Latency to Attack = time fromintruder introduction until attack occurrence,

Total Latency to Contact = sum of time between intruder introduction and first contact by resident pig fromtests 1 and 2, Total
Time Contact to Attack = sumof time fromfirst contact by resident until attack occurrence fromtests 1 and 2, Total Latency to
Attack = sumof time fromintruder introduction until attack occurrence fromtests 1 and 2

30verall LSMeans have also been adjusted for replicate

2Data were log transformed for analysis and backtransformed to display in this table

"Data were square root transformed for analysis and backtransformed to display in this table

FIndicates difference between High and Low pigs at P<0.1

*Indicates significant difference between High and Low pigs at P <0.05
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Table 11b. Resident Intruder Test LSMeans”, Only Pigs that had Attack Occurrence

Test1
Trait’: Latency to Contact(s)” Time Contact to Attack(s) Latency to Attack(s)
95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits
Replicate Group Mean  Lower Upper  Mean Lower Upper Mean Lower  Upper
Overal® High 1443 1177 1769 8095 7179 90.11 103.16 9456 111.76
Low 959 7.93 1158 7712 6861 8564 9565 87.65 103.65
1 High  10.94 7.61 1572 7436 5805 90.66 86.54 71.23 101.85
Low 12.26 8.33 18.04 66.30 4892 8367 9269 76.37 109.01
2 High 26.46* 12.84 5449 87.00 5453 11947 11350 83.00 144.00
Low  3.10 1.83 5.26 91.07 67.38 11477 9834 76.08 120.59
3 High  10.51 7.60 1453 91.99 7742 106.55 107.73 94.04 121.42
Low  20.55 1461 2890 8390 6858 99.22 110.20 9581 12459
4 High  18.06 1179 2765 7412 5497 9327 10528 87.29 123.27
Low  9.58 6.06 1514 7841 5784 9899 9057 7124 109.89
5 High  11.38 8.34 1551 7729 6335 9123 102.77 89.68 115.86
Low 10.81 7.79 1500 6593 51.22 80.64 8643 7262 100.25
Test2
Trait’: Latency to Contact(s)® Time Contact to Attack(s)® Latency to Attack(s)
95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits
Replicate  Group  Mean  Lower  Upper  Mean  Lower Upper Mean  Lower  Upper
Overal’  High  7.82 6.83 8.94 62.03 56.39 6795 79.89 73.83 8595
Low 810 7.03 9.34 6795 6169 7450 8517 7875 9159
1 High 534 4.14 6.89 7447 6298 86.93 90.66 79.20 102.13
Low 473 3.57 6.27 81.02 6779 9542 90.37 77.69 103.04
2 High  7.55 5.47 10.41  96.03 79.61 113.99 11256 98.07 127.05
Low 10.73 7.93 1451 7348 60.02 8829 9435 80.73 107.96
3 High  8.14 6.14 10.78 5190 4144 6355 64.03 5136 76.71
Low 14.20 10.04  20.07 51.07 3848 6544 7390 5832 89.48
4 High  8.69 6.44 1172 5128 4026 6363 70.08 56.60 83.56
Low  7.68 5.26 1121 6838 5240 8647 8574 6872 102.75
5 High  10.24 7.42 1412 4338 3260 5570 62.13 4765 76.62
Low  6.31 4.92 8.09 67.68 56.99 79.28 8151 7032 92.70
Overall
Trait?: Total Latency to Contact(s)® Total lnnici?sr)nad o Total Latency to Attack(s)
95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits
Replicate Group Mean  Lower  Upper  Mean Lower Upper Mean Lower  Upper
Overal® High 2604 21.96 3088 15501 140.75 169.27 189.46 176.62 202.30
Low 2426 2028 29.03 14277 127.78 157.76 180.92 167.42 194.42
1 High  18.78 13.94 2529 14751 122.62 17240 167.64 14523 190.05
Low 23.63 1595 35.01 155.00 122.13 187.88 198.75 169.15 228.35
2 High  29.93 17.17 5220 223.00 176.51 269.49 253.00 211.14 294.86
Low 19.13 1268 2885 165.90 13153 200.27 195.04 164.09 225.99
3 High 16.84** 12.73 2227 162.02 138.64 18540 180.99 159.94 202.04
Low 66.04 4437 9831 12595 92.69 159.21 199.27 169.33 229.21
4 High 3583  25.02 51.31 129.16 99.15 159.17 177.68 150.66 204.70
Low 13.61 8.63 2147 12913 91.02 167.24 14551 11120 179.82
5 High 3529 2554 4878 11337 86.32 14042 167.99 14363 192.35
Low  20.69 16.06 26.65 137.86 116.68 159.04 166.02 146.95 185.09

LSMeans have been adjusted for sex

2Latency to Contact = time between intruder introduction and first contact by resident pig, Time Contact to Attack = time from
first contact by resident until attack occurrence, Latency to Attack = time from intruder introduction until attack occurrence,

Total Latency to Contact = sum of time between intruder introduction and first contact by resident pig fromtests 1and 2, Total
Time Contact to Attack = sumof time from first contact by resident until attack occurrence fromtests 1 and 2, Total Latency to
Attack = sumof time fromintruder introduction until attack occurrence fromtests 1and 2

30verall LsMeans have also been adjusted for replicate

2Data were log transformed for analysis and backtransformed to display in this table

PData were square root transformed for analysis and backtransformed to display in this table
*Indicates significant difference between High and Low pigs at P <0.05

**Indicates significant difference between High and Low pigs at P <0.01

78



Table 12. Wilcoxon Rank-Sum Analysis of Resident Intruder Traits

Test 1

Trait": CONLAT CONTOATT ATTLAT

Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev  Mean

Repli 2
eplicate Group N Scores Under HO Under HO  Score  Scores Under HO Under HO  Score  Scores Under HO Under HO  Score

Oweral® High 59 34125 3540.0 187.97 57.84 3491.0 35400 18226 59.17 35115 35400 18225 59.52
Low 60 37275 3600.0 187.97 6213 3649.0 36000 18226 60.82 36285 3600.0 18225 60.48

1 High 14 1895 203.0 21.64 1354  204.0 203.0 20.65 1457  194.0 203.0 20.65 13.86
Low 14 216.5 203.0 21.64 1546  202.0 203.0 20.65 1443 2120 203.0 20.65 15.14

2 High 9 100.5 90.0 12.23 1117 97.0 90.0 10.10 10.78  98.0 90.0 10.10 10.89
Low 10 895 100.0 12.23 8.95 93.0 100.0 10.10 9.30 92.0 100.0 10.10 9.20

3 High 13 132.5* 1755 19.48 10.19 1740 175.5 19.31 13.38  167.0 175.5 19.31 12.85
Low 13 2185 1755 19.48 16.81  177.0 1755 19.31 13.62 184.0 1755 19.31 14.15

4 High 10 1185 105.0 13.11 1185  99.0 105.0 12.62 9.90 105.0 105.0 12.62 10.50
Low 10 915 105.0 13.11 9.15 111.0 105.0 12.62 1110 105.0 105.0 12.62 10.50

5 High 13 169.0 175.5 19.45 13.00 178.0 175.5 19.43 13.69 186.0 175.5 19.43 14.31
Low 13 182.0 175.5 19.45 14.00  173.0 175.5 19.43 1331 165.0 175.5 19.43 12.69

Test 2

Trait": CONLAT CONTOATT ATTLAT

Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev  Mean

H 2
Replicate Growp N Scores  Under HO Under HO  Score  Scores Under HO Under HO  Score  Scores Under HO Under HO  Score

Oweral® High 59 36505 35105 18518 61.87 34430 35105 18313 5836 34415 35105 183.13 58.33
Low 60 3370.5 35105 18518 57.13 3578.0 35105 183.13 60.64 35795 35105 183.13 60.67

1 High 14 2115 196.0 20.46 1511 186.5 196.0 20.43 1332 187.0 196.0 20.42 13.36
Low 14 166.5 182.0 20.46 1281 1915 182.0 20.43 1473 191.0 182.0 20.42 14.69

2 High 9 785 90.0 12.13 8.72 105.0 90.0 12.19 11.67 104.0 90.0 12.19 11.56
Low 10 1115 100.0 12.13 1115  85.0 100.0 12.19 8.50 86.0 100.0 12.19 8.60

3 High 13 1655 175.5 19.44 1273  162.0 175.5 18.75 1246 1525 175.5 18.75 11.73
Low 13 1855 175.5 19.44 1427  189.0 175.5 18.75 1454 1985 175.5 18.75 15.27

4 High 10 109.0 105.0 13.21 10.90  87.57% 105.0 12.94 8.75 85.57 105.0 12.94 8.55
Low 10 101.0 105.0 13.21 10.10 1225 105.0 12.94 1225 1245 105.0 12.94 12.45

5 High 13 2115* 1755 19.43 16.27  198.0 1755 19.30 1523  206.0f 1755 19.31 15.85
Low 13 1395 1755 19.43 10.73  153.0 175.5 19.30 11.77  145.0 175.5 19.31 11.15

OVERALL

Trait': TCONLAT TCONTOATT TATTLAT

Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev  Mean

; 2
Replicate Group. N Scores Under HO Under HO  Score  Scores Under HO Under HO  Score  Scores Under HO Under HO  Score

Overal® High 59 34760 35105 18573 5892 35145 35105 18579 5957 34725 35105 18545 58.86
Low 60 35450 35105 18573 60.08 35065 35105 18579 59.43 35485 35105 18545  60.14

1 High 14 1885 1960 2058 1346 1935 1960 2060 13.82 1880 1960 2057  13.43
Low 14 1895 1820 2058 1458 1845 1820 2060 1419 1900 1820 2057  14.62

2 High 9 955  90.0 1224 1061 1040  90.0 1225 1156 1020  90.0 1219  11.33
Low 10 945 1000 1224 945 860 1000 1225 860 880 1000 1219  8.80

3 High 13 143.5+ 1755 1949 1104 1735 1755 1950 1335 1605 1755 1946  12.35
Low 13 2075 1755 1949 1596 1775 1755 1950 13.65 1905 1755 1046  14.65

4 High 10 1140 1050 1322 1140 890 1050 1323 890 900 1050 1317  9.00
Low 10 960 1050 1322 960 1210 1050 1323 1210 1200 1050 1317  12.00

5 High 13 1995 1755 1947 1535 1940 1755 1950  14.92 202.51 1755 1949 1558
Low 13 1515 1755 1947 1165 1570 1755 1950 1208 1485 1755 1949  11.42

*Latency to Contact = time between intruder introduction and first contact by resident pig, Time Contact to Attack = time from first contact by resident until attack occurrence,
Latency to Attack = time fromintruder introduction until attack occurrence, Total Latency to Contact = sum of time between intruder introduction and first contact by resident
pig fromtests 1 and 2, Total Time Contact to Attack = sum of time fromfirst contact by resident until attack occurrence fromtests 1 and 2, Total Latency to Attack = sum of
time fromintruder introduction until attack occurrence fromtests 1and 2

2N = number of pigs included in analysis

30verall LSMeans have also been adjusted for replicate

TIndicates difference between High and Low pigs at P <0.1

*Indicates significant difference between High and Low pigs at P <0.05
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Table 13. Resident Intruder Attack Score® Frequency2 and Chi-Squared Values

Test 1 Test 2 Overal®
Score Chi- Score Chi- Chi-
Frequencies Squared Erequencies Squared Score Frequencies Squared
q Value q Value Value
Replicate  Group 1 0 1 0 2 1 0
Overall High 62.71 37.29 0.32 7119 2881 0.16 4746 38.98 13.56 0.41
Low 57.63 42.37 67.80 32.20 4237 40.68 16.95
1 High 57.14 42.86 0.14 78.57 21.43 0.31 50.00 35.71 14.29 112
Low 50.00 50.00 69.23 30.77 30.77 53.85 15.38
2 High 2222 77.78 77.78 2222 2222 5556 2222
Low 40.00 60.00 069 80.00 20.00 001 40.00 40.00 20.00 0.73
3 High 83.33 16.67 75.00 25.00 66.67 25.00 8.33
Low 69.23 30.77 068 46.15 53.85 216 30.77 53.85 15.38 323
4 High 60.00 40.00 0.20 80.00 20.00 198 50.00 40.00 10.00 150
Low 50.00 50.00 50.00 50.00 30.00 40.00 30.00
5 High 84.62 15.38 53.85 46.15 46.15 46.15 7.69
0.25 7.29%* 3.97
Low 76.92 23.08 100.00 0.00 83.33 16.67 0.00

L Attack Score = Whether or not attack occurred during test; 1 = attack occurred, 0 = no attack occurred
2Frequency = percentage of pigs in group with specified attack score

30verall Attack Score: 2 = attack occurred during both test 1 and test 2, 1 =attack occurred during test 1 or test 2, 0 = no attack
occurred during either test

**Indicates significant difference between High and Low pigs at P <0.01
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Table 14a. Maze Trials, 10 Minute Maximum, LSMeansl, All Selected Pigs

Maze 1 Maze 2
Trait’: Time” Errors® Time® Errors’
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate Group Mean  Lower Upper Mean Lower Upper Mean Lower Upper Mean Lower  Upper
Overalf High 12553 11420 137.39 4.31 3.90 4.76 73.17 63.41 84.44  3.86 341 4.39
Low 133.23 12210 14485 547 491 6.09 6755 5873 7768 370 3.29 4.17
1 High 170.16 144.25 198.22 3.40 2.79 4.14 132.11 9949 17541 549 4.39 6.85
Low 11651 9531 139.84 420 3.34 5.27 78.51 5859 10520 3.15 253 3.93
2 High 14287 111.07 178.66 3.66 2.80 4.78 9285 65.02 13260 512 @ 3.67 7.14
Low 110.18 86.72 136.45 521  3.99 6.81 6265 4476 8767 436 323 5.89
3 High 67.30* 5144 8529 919 7.49 11.26  53.52 3994 7172 3.03 234 3.93
Low 128.02 105.75 15243 6.56 5.35 8.04 5392 4024 7225 436 3.36 5.66
4 High 97.43** 7545 12221 365 290 4.58 67.23 4722 9572 331 244 4.50
Low 211.83 178.99 24743 5.19 4.13 6.52 117.74 8434 16437 3.87 2.98 5.02
5 High 167.63 141.99 19540 3.56f 2.93 4.32 47.52 3546 6368 3.05 231 4.04
Low 111.37 90.32 13461 6.57 514 8.39 45.03 3343 6065 3.00 227 3.96
Maze 3 Maze 4
Trait’: Time® Errors® Time® Errors®
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate  Group Mean Lower  Upper Mean Lower  Upper Mean Lower  Upper Mean Lower  Upper
OweralP High 12351 10533 144.82 539f 471 6.16 9247 7811 109.48 4.39 3.89 4.94
Low 94.83 81.18 110.77 379 3.32 432 11397 96.65 13438 433 3.84 4.88
1 High 191.961 140.08 263.06 5.42 4.27 6.89 77.68 55.61 108,51 3.50 2.75 4.47
Low 86.44 6243 11968 336 2.44 462 161.10 11415 22763 450 3.56 5.68
2 High 176.80 118.99 262.70 7.08 5.14 9.76  100.79 66.23 153.38 442 3.28 5.96
Low 94.64 6514 13751 353 2.66 470 227.03 15276 33741 590 454 7.66
3 High  48.69 35.16 67.41 551 3.71 8.17 38317 27.13 5410 2.86 2.18 3.76
Low 7143 5159 9890 366 2.82 4.76 86.80 6147 12257 4.44 338 5.82
4 High 179.58 121.24 265.97 510 3.92 6.63  166.07 109.50 251.87 6.61 5.03 8.68
Low 196.29 135.46 284.43 5.89 4.54 7.65 138.84 93.69 205.74 5.52 4.20 7.24
5 High 96.82 69.93 134.06 420 3.38 522 135.78* 96.15 191.73 5.53* 443 6.92
Low 66.88 48.03 9312 3.04 225 4.12 4358 3068 6191 234 174 3.14
Maze 5 Maze 6
Trait’: Time Errors® Time Errors®
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate Group Mean  Lower Upper Mean Lower Upper Mean Lower Upper Mean Lower  Upper
Overalf High 316.92 283.73 350.11 6.65 5.95 7.43 37496 34237 40755 7.08 6.32 7.94
Low 321.44 289.03 35385 6.93 6.17 7.79 35297 32115 38479 624 554 7.03
1 High 233.09 167.38 298.80 4.10 3.26 514  321.39 256.88 38590 6.56 5.13 8.39
Low 321.62 253.77 389.47 529 4.06 6.80 246.09 179.47 31271 462 351 6.08
2 High 33847 255.89 421.05 754 575 9.88 377.28 296.21 45835 8.16 6.16 10.81
Low 38428 306.36 46220 6.58  5.05 856  367.06 290.56 44356 6.56 4.90 8.80
3 High 271.00 203.15 33885 6.08 481 7.70 381.62 31500 44824 447t 3.57 5.59
Low 352.07 28422 41992 871 6.88 11.03 44753 38091 51415 7.76 6.20 9.71
4 High 410.91 329.01 49281 8.48 6.51 11.05 38237 301.96 462.78 8.39 6.26 11.24
Low 29820 220.86 37554 7.23 5.46 959  371.60 295.67 44753 481 359 6.45
5 High 331.15 26330 399.00 8.18 6.54 10.25 41215 34553 478.77 8.87 7.15 11.00
Low 251.05 182.03 320.07 7.30 5.65 945 33256 264.80 40032 837 6.59 10.63

*LSMeans have been adjusted for sex

2Time = time for pig to complete the maze trial, Errors = number of errors during the maze trial

30verall LSMeans have also been adjusted for replicate

*Data were log transformed for analysis and backtransformed to display in this table

®Data were square root transformed for analysis and backtransformed to display in this table

ndicates difference between High an w pigs at P <0.
Indi diffe by High and Low pigs at P<0.1

*Indicates significant difference between High and Low pigs at P <0.05

**Indicates significant difference between High and Low pigs at P <0.01
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Table 14b. Maze Trials Differences, 10 Minute Maximum, LSMeans®, All Selected Pigs

Comparisonsz: Maze 1 vs Maze 2 Maze 2 vs Maze 3
Trait®:  Time Difference Error Difference  Time Difference  Error Difference
Replicate Group  Mean Standard Mean Standard Mean Standard Mean Standard
Error Error Error Error

Overall* High  -42.38 27.03 -1.16 0.91 8488 3295 146 0.90
Low  -28.99 2639 -1.19 0.89 6440 3217 098 0.88

1 High 73.60 53.51 3.49 1.79 36.67 6523 -124 178
Low  -27.42 55.26  0.54 1.85 5760 67.36 -1.28 1.84

2 High 51.22 67.25  0.65 2.25 81.69 8197 156 224
Low  -45.74 63.45 -0.19 2.13 7266 7734 094 211

3 High -14434 5526 -6.46 1.85 5168 67.36 -0.20 1.84
Low -108.58 5526 -3.38 1.85 67.40 6736 051 184

4 High -111.47f 66.70 -1.01 224 16195 8130 380 222
Low  49.50 62.98 -1.30 211 12370 76.77 490 2.09

5 High  -80.89 5526  -2.46 1.85 9240 6736 335 184
Low  -12.71 56.21 -1.60 1.88 062 6851 -0.14 1.87

Comparisonsz: Maze 3 vs Maze 4 Maze 4 vs Maze 5
Trait®:  Time Difference Error Difference  Time Difference  Error Difference
Replicate Group  Mean Standard Mean Standard Mean Standard Mean Standard
Error Error Error Error

Overall* High -2469 3059 -0.02 082 12665 3451 218 094
Low 4435 2987 043 080 8427 3370 187 092

1 High -78.70* 6057 -1.60f 162 59.26 6833 038 1.86
Low 101.89 6254 246 167 3305 7056 -0.55 1.92

2 High -77.35** 7611 -1.05 203 14237 8587 291 233
Low 19657 71.82 2.63 192 183 8102 -043 220

3 High -51.80 6254 -024 167 20228 7056 4.06 1.92
Low 519 6254 024 167 19087 7056 501  1.92

4 High 4485 7549 153 202 10378 8517 106 231
Low -37.20 7128 -260 190 1620 8042 040 2.18

5 High 3957 6254 124 167 12556 7056 247 192
Low -44.69 6362 -057 170 17941 7177 494 195

Comparisons’: Maze 5 vs Maze 6
Trait®:  Time Difference Error Difference
Replicate Group ~ Mean Standard Mean Standard
Error Error

Overall* High 57.98 35.43 1.32 1.03
Low 31.51 34.59 -0.31 1.01
1 High 88.15 70.14 1.13 2.04
Low -75.38 72.43 -0.43 211
2 High 38.90 88.15 0.80 2.57
Low -17.21 83.17 -1.28 2.42
3 High 110.54 72.43 -0.20 211
Low 95.15 72.43 0.20 211
4 High -28.55 87.43 2.04 2.55
Low 73.40 82.55 -2.40 241
5 High 80.84 72.43 2.81 211
Low 81.60 73.67 2.38 2.15
LSMeans have been adjusted for sex
2Comparisons: Maze X vs Maze Y = (maze trial Y) - (maze trial X)
3Time Difference = change in time to complete maze trials, Error Difference = change in errors during maze trials
“Overall LSMeans have also been adjusted for replicate
TIndicates difference between High and Low pigs at P<0.1
*Indicates significant difference between High and Low pigs at P <0.05
**Indicates significant difference between High and Low pigs at P <0.01
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Table 14c. Maze Trials, 10 Minute Maximum, LSMeans”, Only Pigs that Completed Maze Trials Within Time Limit

Maze 1 Maze 2
Trait’: Time” Errors® Time® Errors®
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate  Group  Mean Lower  Upper Mean Lower Upper Mean  Lower Upper Mean Lower  Upper
Owerall High 12185 11081 13341 4.18 3.78 4.62 63.25 5536 7226 324 286 3.68
Low 133.62 122.63 145.09 535 4.80 5.96 57.40 5041 6536 344 3.07 3.86
1 High  170.69 14536 198.04 342 282 415 10338 7869 13582 427 341 5.34
Low  107.99 87.32 130.85 3.76 2.96 4.78 65.84 50.18 86.38 3.12 253 3.86
2 High 14376 112,62 178.69 3.69 2.84 481 56.87 39.79 8128 271 184 3.99
Low 10945 86.63 134.94 516 3.96 6.72 62.11  46.04 8378 436 3.32 5.73
3 High 67.41** 5192 8493 921 754 11.27 5360 4131 6955 3.03 240 3.84
Low 14122 11746 167.16 6.66 5.39 8.24 53.83 41.48 69.85 431 3.40 5.47
4 High 86.48** 65.39 110.52 3.46 2.72 4.39 67.71 49.44 92,75 342 2.59 451
Low 211.83 179.80 246.48 517 4.13 6.48 78.34 5620 109.18 331 252 4.35
5 High 159.47 13411 187.01 3.16* 2.59 3.86 47.44 36.56 61.56 2.99 2.32 3.86
Low 11038 89.93 13293 6.53 5.12 8.31 36.13 2735 4772 249 1.89 3.27
Maze 3 Maze 4
Trait®: Time® Errors® Time® Errors®
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate  Group Mean Lower  Upper Mean Lower Upper  Mean Lower  Upper Mean Lower  Upper
Overal® High 10275 8879 118.90 4.7** 4.17 5.49 71.61 60.89 8422 412 3.63 4.68
Low 63.19 5430 7355 295 255 3.42 6480 5413 7757 313 271 3.62
1 High 176.55** 133.42 233.62 4.78t 3.80 6.01 55.87 40.50 77.08 290 2.23 3.78
Low 48.99 3562 6740 205 1.35 3.10 7131 4841 10505 3.12 236 4.12
2 High 12445 8485 18253 6.62* 4.63 9.46 62.60 4124 9500 385 276 5.37
Low 58.47 40.80 8378 228 1.68 3.10 8272 5042 13572 372 254 5.44
3 High 39.28 29.38 5252 4.07 270 6.16  38.43f 2836 52.08 293 226 3.80
Low 71.21 53.87 9415 3.64 287 4.62 86.52 63.85 11725 444 342 5.75
4 High 158.70  110.75 227.40 4.62 3.57 5.97 117.06 77.13 177.67 7.06* 5.22 9.54
Low 89.97 59.57 135.88 4.15 3.00 5.74 5253 3353 8229 261 1.80 3.77
5 High 83.60 6252 11178 4.23 3.44 520 119.67* 87.17 164.27 5.14* 412 6.42
Low 54.92 40.88 7377 317 235 4.27 42,62 3124 5814 225 170 2.98
Maze 5 Maze 6
Trait’: Time Errors® Time Errors®
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate Group  Mean Lower  Upper Mean Lower Upper Mean  Lower Upper Mean Lower  Upper
Overal® High 186.09 15725 21493 568 4.89 659 22992 19637 26347 6.61 558 7.84
Low 170.80 14234 199.26 507 4.28 599 21052 177.10 24394 543 452 6.54
1 High  137.62 86.39 188.85 290 221 382 15120 8409 21831 5.01 340 7.37
Low 149.63 89.91 209.35 240 1.55 3.71 131.73 70.21 19325 345 2.39 4.99
2 High  143.36 66.84 219.88 8.11 546 12.05 260.28 18155 339.01 7.36 5.08 10.64
Low 156.84 80.32 233.36 5.39 3.48 8.34 143.70 56.54 230.86 4.69 2.66 8.28
3 High 17410 120.68 22752 596 4.48 793 291.06 226,58 355.54 425 3.19 5.65
Low 240.23 183.88 296.58 7.40 557 9.84 20563 119.77 29149 730 4.85 10.97
4 High 265.36 188.84 341.88 6.25 4.27 9.15 18843 98.74 27812 11.73 7.22 19.05
Low 169.87 105.96 233.78 6.88 4.72 10.03 276.17 203.64 348.70 5.09 341 7.61
5 High 210.01 153.66 266.36 6.71  5.04 892 25864 18533 33195 6.90 5.06 9.40
Low  137.44 82.64 19224 5.07 3.64 7.06 29538 23520 35556 7.89 5.90 10.53

1LSMeans have been adjusted for sex

2Time = time for pig to complete the maze trial, Errors = number of errors during the maze trial

30verall LSMeans have also been adjusted for replicate

*Data were log transformed for analysis and backtransformed to display in this table

PData were square root transformed for analysis and backtransformed to display in this table
FIndicates difference between High and Low pigs at P <0.1

*Indicates significant difference between High and Low pigs at P <0.05

**Indicates significant difference between High and Low pigs at P <0.01
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Table 14d. Maze Trials Differences, 10 Minute Maximum, LSMeans", Only Pigs that Completed
Maze Trials Within Time Limit

Comparisons’: Maze 1 vs Maze 2 Maze 2 vs Maze 3
Trait:  Time Difference Error Difference  Time Difference  Error Difference
Replicate Group ~ Mean Standard Mean Standard Mean Standard Mean Standard
Error Error Error Error

Overall* High  -62.36 2279  -1.87 0.91 69.47 2411 164 073
Low  -48.84 2210  -1.42 0.88 7.01 2462 0.08 0.75

1 High  32.35 45.92 1.67 1.83 50.82 4864 -046 1.48
Low -16.38 47.83 1.07 1.91 -41.66 53.83 -2.89 1.63

2 High  -50.45 60.11 -1.74 240 112.45f 6580 3.78f 2.00
Low  -51.22 50.37 -031 2.01 -41.93 5743 -091 174

3 High -14329 4383 -6.44 175 17.08  46.34 -1.00 141
Low -77.00 4560 -350 1.82 6759 4455 051 135

4 High  -97.43 5599 -1.06 224 11305 5743 254 174
Low  -38.00 5584 -213 223 51.38 6580 3.06 200

5 High  -52.97 4568 -1.79 1.82 5392 4634 333 141
Low -61.61 46.88  -2.26 1.87 -0.32 4967 061 151

Comparisons’: Maze 3 vs Maze 4 Maze 4 vs Maze 5
Trait®:  Time Difference Error Difference  Time Difference  Error Difference
Replicate Group  Mean Standard Mean Standard Mean Standard Mean Standard
Error Error Error Error

Overall* High  -19.23 2242 034 0.73 5372 29.92 231 117
Low 15.81 26.28  0.56 0.86 8561 3218 218 1.26

1 High -108.34* 4541 -1.861 1.49 1.91 53.83 -0.84 211
Low  55.61 56.17 2.56 1.84 -10.50 84.02 -2.00 3.29

2 High -93.89f 56.58 -1.32 1.85 66.21 76.25 444 299
Low  56.44 67.16 1.65 220 11249 8470 230 3.32

3 High -8.42 42.86 0.75 140 103.00 5314 3.60 208
Low 4.67 41.20 0.24 135 12555 56.06 429 220

4 High 53.26 56.58 311 1.85 2426 8470 195 332
Low -31.38 7471 -121 245 13183 6897 387 270

5 High 61.25 44.79 1.01 1.47 7322 56.06 240 220
Low -6.30 43.68  -0.46 1.43 68.69 54.68 246 214

Comparisons®: Maze 5 vs Maze 6
Trait®:  Time Difference Error Difference
Replicate Group ~ Mean Standard Mean Standard
Error Error

Overall* High 80.16 39.84 2.03 1.43
Low 79.49 37.47 1.67 1.34
1 High 85.47 76.72 0.99 2.75
Low  -19.39 73.72 0.28 2.65
2 High  213.38 98.53 3.00 3.54
Low 71.87 98.53 1.01 3.54
3 High 39.89 7473  -2.00 2.68
Low  102.15 87.28 3.80 3.13
4 High -22.49 101.98 4.74 3.66
Low 52.00 7949  -250 2.85
5 High 84.55 87.28 3.40 3.13
Low  190.80 7251 5.76 2.60
1LSMeans have been adjusted for sex
2Comparisons: Maze X vs Maze Y = (maze trial Y) - (maze trial X)
3Time Difference = change in time to complete maze trials, Error Difference = change in errors during maze trials
“Overall LSMeans have also been adjusted for replicate
FIndicates difference between High and Low pigs at P<0.1
*Indicates significant difference between High and Low pigs at P <0.05
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Table 15a. Wilcoxon Rank-Sum Analysis of Maze Trial Traits, 10 Minute Maximum

Maze 1 Maze 2

Trait': Time Errors Time Errors

Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean

Replicate Gro 2
P W N Scores Under HO  Under HO Score  Scores Under HO Under HO Score  Scores Under HO Under HO Score  Scores Under HO Under HO Score

Owerall High 58 3610.0 34220 18342 6224 35170 34220 180.51 60.64 3579.0 3422.0 18339 61.71 3391.0 3422.0 179.06 5847
Low 59 3293.0 3481.0 183.42 55.81 3386.0 3481.0 180.51 57.39 3324.0 3481.0 183.39 56.34 3512.0 3481.0 179.06  59.53

1 High 14 2040  196.0 20.60 1457 2075 196.0 1995 1482 226.0f  196.0 2059  16.14 210.0 196.0 20.38  15.00
Low 13 1740 182.0 20.60 13.38 1705 182.0 19.95 1312  152.0 182.0 20.59 11.69 168.0 182.0 20.38 12.92

2 High 9 88.0 90.0 12.23 9.78 915 90.0 11.92 10.17  100.0 90.0 12.23 11.11 905 90.0 11.76 10.06
Low 10 1020  100.0 1223 1020 985 100.0 11.92 9.85  90.0 100.0 12.23 9.00 995 100.0 11.76 9.95

3 High 13 185.0 1755 19.50 1423  190.0 1755 19.36 1462 1785 1755 19.49 13.73 167.0 1755 18.83 12.85
Low 13 166.0 1755 19.50 12.77  161.0 1755 19.36 12.38 1725 175.5 19.49 13.27 184.0 175.5 18.83 14.15

4 High 9 101.0 90.0 1225 1122 810 90.0 12.08 9.00 76.0 90.0 12.22 844 815 90.0 12.01 9.06
Low 10 89.0 100.0 12.25 8.90 109.0 100.0 12.08 10.90 114.0 100.0 12.22 11.40 108.5 100.0 12.01 10.85

5 High 13 1955 1755 19.50 15.04 1825 1755 19.09 14.04 189.0 175.5 19.48 1454 177.0 175.5 18.40 13.62
Low 13 1555 1755 19.50 11.96 168.5 1755 19.09 12.96 162.0 175.5 19.48 1246 1740 175.5 18.40 13.38

Maze 3 Maze 4

Trait': Time Errors Time Errors

Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected Std Dev Mean

Replicate G 2
eplicateGroup. N Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score

Owerall  High 58 3600.5 3422.0 18320 62.08 3761.0* 34220 180.33 64.84 3261.0 34220 18290 56.22 3437.0 34220 18150 59.26
Low 59 33025 3481.0 18320 55.97 3142.0 3481.0 180.33 53.25 3642.0 3481.0 182.90 61.73 3466.0 3481.0 181.50 58.75

1 High 14 232.0* 196.0 2057 16.57 239.0r  196.0 2001  17.07 168.0f  196.0 2043 1200 171.0 196.0 2042 1221
Low 13 1460 1820 2057 11.23 139.0 182.0 20.01 10.69 210.0 182.0 2043 1615 207.0 182.0 2042 1592

2 High 9 102.0 90.0 1219 1133 935 90.0 1207 1039 75.0 90.0 11.94 8.33 745 90.0 12.18 8.28
Low 10 88.0 100.0 12.19 880 965 100.0 12.07 9.65 115.0 100.0 1194 1150 1155 100.0 1218 1155

3 High 13 1620 1755 1950 1246 148.0% 1755 1812  11.38 143.5f 1755 1949  11.04 1620 1755 18.85  12.46
Low 13 1890 1755 1950 1454 203.0 1755 1812 1562 2075 1755 1949 1596 189.0 1755 18.85 14.54

4 High 9 86.0 90.0 12.14 9.56 88.5 90.0 1217 9.83 89.0 90.0 12.05 9.89 98.5 90.0 12.18  10.94
Low 10 1040  100.0 1214 1040 1015 100.0 1217 1015 101.0 100.0 1205 1010 915 100.0 12.18 9.15

5 High 13 1945 1755 19.49 14.96 234.5** 1755 19.24 18.04 222.5** 1755 19.49 17.12 230.0** 1755 19.26 17.69
Low 13 156.5 1755 19.49 12.04 1165 1755 19.24 896 1285 175.5 19.49 988 121.0 175.5 19.26 931
Maze 5 Maze 6
Trait': Time Errors Time Errors

Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean

Replicat 2
eplicate_ Group N Scores Under HO  Under HO Score  Scores Under HO Under HO Score  Scores Under HO Under HO Score Scores Under HO Under HO _Score

Overall High 58 3427.5 3422.0 180.27 59.09 35415 34220 182.08 61.06 3506.0 3422.0 178.83 60.45 3651.0 3422.0 182,57 62.95
Low 59 34755 3481.0 180.27 5891 33615 3481.0 182.08 56.97 3397.0 3481.0 178.83 57.58 32520 3481.0 18257 55.12
1 High 14 1875 196.0 20.34 1339 2015 196.0 20.26 1439 209.5 196.0 20.34 1496 2175 196.0 20.09 1554
Low 13 1905 182.0 20.34 1465 1765 182.0 20.26 1358 168.5 182.0 20.34 1296 160.5 182.0 20.09 1235
2 High 9 87.0 90.0 1158 9.67 97.5 90.0 1217 1083 895 90.0 1179 9.94  106.0 90.0 1214 1178
Low 10 103.0 100.0 1158 1030 925 100.0 12.17 925 100.5 100.0 11.79  10.05 84.0 100.0 12.14 8.40
3 High 13 162.0 175.5 19.31 1246 160.5 175.5 1935 1235 153.0 1755 1852 1177 146.5t 1755 1945  11.27
Low 13 189.0 1755 19.31 1454 190.5 1755 19.35 1465 198.0 175.5 1852 1523 2045 175.5 1945 1573
4 High 9 98.0 90.0 11.94 10.89 102.0 90.0 12.18 1133 920 90.0 11.94  10.22 100.0 90.0 12.09 1111
Low 10 92.0 100.0 11.94 9.20 88.0 100.0 12.18 8.80 98.0 100.0 11.94 9.80 90.0 100.0 12.09 9.00
5 High 13 194.0 1755 1931 1492 1925 1755 19.35 1481 198.0 1755 19.22 1523 1895 1755 19.41 1458
Low 13 157.0 175.5 19.31 12.08 1585 175.5 1935 1219 153.0 1755 19.22 1177 1615 1755 1941 1242

Time = time for pig to complete the maze trial, Errors = number of errors during the maze trial

2N = number of pigs included in analysis
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Table 15b. Wilcoxon Rank-Sum Analysis of Maze Trial Trait Comparisons, 10 Minute Maximum

Comparisons®: Maze 1 vs Maze 2 Maze 2 vs Maze 3
Trait’: Time Errors Time Errors
Replicate Group N Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean
P P Scores  Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score  Scores Under HO Under HO _Score
Overall High 58 34075 3422.0 18343 58.75 34350 3422.0 182.73  59.22 3542.0 34220 183.43 61.07 3655.0f 3422.0 182,55 63.02
Low 59 34955 3481.0 18343 59.25 3468.0 3481.0 18273 58.78 3361.0 3481.0 18343 56.97 3248.0 3481.0 18255 55.05
1 High 14 217.0 196.0 20.60 1550 207.5 196.0 2045 14.82 204.0 196.0 20.61 1457 2055 196.0 20.53  14.68
Low 13 161.0 182.0 20.60 12.38 170.5 182.0 2045 1312 1740 182.0 20.61 13.38 1725 182.0 20.53  13.27
2 High 9 104.0 90.0 1225 1156 94.0 90.0 12.23 1044 94.0 90.0 12.25 1044 920 90.0 1222 10.22
Low 10 86.0 100.0 12.25 8.60 96.0 100.0 12.23 9.60 96.0 100.0 12.25 9.60 98.0 100.0 12.22 9.80
3 High 13 1785 1755 19.50 13.73 1620 175.5 19.44 12.46 167.0 1755 19.49 1285 1595 1755 19.06 12.27
Low 13 1725 1755 19.50 13.27 189.0 175.5 19.44 1454 1840 175.5 19.49 1415 1915 175.5 19.06 14.73
4 High 9 67.0 90.0 12.25 7.44 885 90.0 11.92 9.83 95.0 90.0 12.24 1056  93.0 90.0 1222 10.33
Low 10 123.0 100.0 1225 1230 1015 100.0 11.92 10.15 95.0 100.0 12.24 9.50 97.0 100.0 12.22 9.70
5 High 13 164.0 1755 1950 12.62 174.0 1755 19.41 13.38 198.0 175.5 1950 1523 217.5* 175.5 19.26  16.73
Low 13 187.0 1755 19.50 1438 177.0 1755 19.41 13.62  153.0 1755 19.50 11.77 1335 175.5 19.26 10.27
Comparisons’: Maze 3 vs Maze 4 Maze 4 vs Maze 5
Trait’: Time Errors Time Errors
Replicate Group N Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean
P P Scores  Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score  Scores Under HO Under HO _Score
Overall High 58 3126.5* 3422.0 183.39 5391 3303.0 3422.0 182.46  56.95 35445 34220 183.28 61.11 35315 34220 182.91 60.89
Low 59 37765 3481.0 183.39 64.01 3600.0 3481.0 182.46  61.02 33585 3481.0 18328 56.92 33715 3481.0 18291 57.14
1 High 14 153.5* 196.0 20.60 1096 161.0* 196.0 20.57 1150 205.5 196.0 20.60 14.68 210.0 196.0 20.47  15.00
Low 13 2245 182.0 20.60 17.27 217.0 182.0 20.57 16.69 1725 182.0 20.60 13.27 168.0 182.0 20.47 1292
2 High 9  69.0f 90.0 12.19 7.67 78.0 90.0 12.12 8.67 104.0 90.0 12.06 1156 106.5+ 90.0 1223 11.83
Low 10 121.0 100.0 1219 1210 1120 100.0 12.12 11.20 86.0 100.0 12.06 8.60 83.5 100.0 12.23 8.35
3 High 13 158.0 1755 19.50 12.15 187.0 1755 19.26 1438 184.0 1755 19.50 1415 1730 1755 19.37 1331
Low 13 193.0 1755 19.50 14.85 164.0 175.5 19.26  12.62 167.0 175.5 1950 1285 178.0 175.5 19.37  13.69
4 High 9 98.0 90.0 12.23 10.89 102.0 90.0 12.19 1133 955 90.0 12.19 10.61  95.0 90.0 12.22  10.56
Low 10 92.0 100.0 12.23 9.20 88.0 100.0 12.19 8.80 945 100.0 12.19 9.45 95.0 100.0 12.22 9.50
5 High 13 199.0 1755 1950 1531 1885 1755 19.39 1450 1635 175.5 1950 1258 155.0 175.5 19.44  11.92
Low 13 152.0 1755 19.50 1169 162.5 1755 19.39 1250 1875 1755 19.50 1442 196.0 175.5 19.44 15.08
Comparisons®: Maze 5 vs Maze 6
Trait’: Time Errors
. Sumof Expected StdDev Mean Sumof Expected StdDev Mean
Replicate Gl 3
eplicate Growp N Scores _Under HO Under HO Score Scores Under HO Under HO _Score
Overall High 58 3510.0 3422.0 18291 60.52 3580.0 3422.0 183.00 61.72
Low 59 3393.0 3481.0 18291 5751 3323.0 34810 183.00 56.32
1 High 14 227.5} 196.0 2059 16.25 2115 196.0 20.47 15.11
Low 13 1505 182.0 2059 1158 166.5 182.0 20.47 12.81
2 High 9 98.0 90.0 12.06 10.89 100.0 90.0 12.17 1111
Low 10 92.0 100.0 12.06 9.20  90.0 100.0 12.17 9.00
3 High 13 174.0 1755 19.43 13.38 164.0 175.5 19.45 12.62
Low 13 177.0 175.5 1943 13,62 187.0 175.5 1945 14.38
4 High 9 77.0 90.0 12.14 856 955 90.0 12.17 10.61
Low 10 113.0 100.0 1214 1130 945 100.0 12.17 9.45
5 High 13 174.0 1755 1949 1338 178.0 1755 19.49 13.69
Low 13 177.0 1755 19.49 1362 173.0 1755 19.49 1331

Comparisons: Maze X vs Maze Y = (errors during maze trial ) - (errors during maze trial X)
2Time = time for pig to complete the maze trial, Errors = number of errors during the maze trial

3N = number of pigs included in analysis
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Table 16. Maze Trials, 10 Minute Maximum, Completion Frequencyl and Chi-Squared Values

Maze 1 Maze 2 Maze 3 Maze 4 Maze 5 Maze 6
Completion Chi- Completion Chi- Completion Chi- Completion Chi- Completion Chi- Completion Chi-
Frequencies Squared Frequencies Squared Frequencies Squared Frequencies Squared Frequencies Squared Frequencies Squared
q Value g Value g Value a Value a Value a Value
Replicate  Group 1 0 1 0 1 0 1 0 1 0 1 0
Overall High 96.55 3.45 93.10 6.90 89.66 10.34 87.93 12.07 68.97 31.03 62.07 37.93
Low 96.61 3.39 0.00 93.22 6.78 0.00 83.05 16.95 108 76.27 23.73 2701 66.10 33.90 0.11 65.52 34.48 0.15
1 High 100.00 0.00 85.71 14.29 9286 7.14 85.71 14.29 7857 21.43 6429 35.71
Low 9231 7.69 112 9231 7.69 0-30 76.92 23.08 136 61.54 38.46 2.05 61.54 38.46 0.94 76.92 23.08 052
2 High 100.00 0.00 7778 22.22 7778 22.22 7778 22.22 55.56 44.44 66.67 33.33
Low 100.00 0.00 i 100.00 0.00 248 80.00 20.00 0.01 50.00 50.00 157 50.00 50.00 0.06 50.00 50.00 0-54
3 High 100.00 0.00 0.88 100.00 0.00 i 90.91 9.09 1.23 100.00 0.00 i 9091 9.09 1.70 81.82 18.18 461%
Low 9231 7.69 ' 100.00 0.00 100.00 0.00 ' 100.00 0.00 69.23 30.77 ' 38.46 6154 '
4 High 88.89 11.11 100.00 0.00 88.89 11.11 7778 22.22 55.56 44.44 55.56 44.44
Low 100.00 0.00 117 80.00 20.00 201 60.00 40.00 204 60.00 40.00 069 70.00 30.00 042 70.00 30.00 042
5 High 9231 7.69 100.00 0.00 9231 7.69 9231 7.69 69.23 30.77 53.85 46.15 "
Low 100.00 0.00 0.96 100.00 0.00 100.00 0.00 0.96 100.00 0.00 0.96 83.33 16.67 068 91.67 8.33 443

'Completion Frequency = percentage of pigs in group that completed maze within alloted time; 1 = completed, 0 = did not complete
tIndicates difference between High and Low pigs at P<0.1
*Indicates significant difference between High and Low pigs at P <0.05
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Table 17a. Maze Trials, 3 Minute Maximum, LSMeans®, All Selected Pigs

Maze 1 Maze 2
Trait’: Time Errors® Time® Errors”
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate  Group Mean Lower Upper Mean Lower Upper Mean Lower Upper Mean Lower  Upper
Overall® High 125.89 115.02 136.76 4.18} 3.78 4.63 50.73 43.60 59.02 103 0.71 1.42
Low 113.64 102.27 125.01 5.39 4.82 6.02 51.97 44.36 60.89 1.37 0.98 1.83
3 High 14150 123.70 159.30 7.70 6.50 9.11 52.22 40.75 66.91 1.13 0.60 1.82
Low 127.75 110.64 14486 5.99 5.10 7.03 51.01 40.19 64.75 1.70 1.06 2.49
4 High 137.41 116.69 158.13 3.46 2.86 4.19 60.22 45.12 80.37 129 0.65 2.16
Low 125.68 102.34 149.02 4091 3.99 6.05 68.44 49.45 94.73 1.72 0.88 2.84
5 High 9875 80.95 116,55 2.75** 234 3.22 41.53 3241 5321 0.72 0.32 1.29
Low 8749 69.87 105.11 5.32 4.38 6.46 40.21 31.46 5140 0.81 0.38 1.40
Maze 3 Maze 4
Trait®: Time Errors® Time Errors®
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate  Group Mean  Lower  Upper Mean Lower  Upper Mean Lower  Upper Mean Lower  Upper
Overall® High 101.29 89.27 11331 3.61 3.19 4.08 101.17 89.39 11295 355  3.19 3.96
Low 97.03 8446 109.61 2.95 2.61 3.34 91.33 79.00 103.65 290 257 3.28
3 High 68.75 49.07 88.43 3.90 2.97 5.12 58.501  39.21 7779 299 245 3.65
Low 90.39 7146 109.31 272 2.27 3.26 107.56  89.02 126.10 3.85 3.16 4.69
4 High 140.44 11753 163.35 4.09 3.38 4.96 122.69 100.24 14514 371 3.04 4.52
Low 11586 90.06 14166 3.25 2.60 4.06 102.04 76.76 127.32 293 232 3.71
5 High 9467 7498 11435 294 2.52 343 122.33* 103.04 141.62 4.04* 3.45 4.73
Low 8485 6537 10434 292 2.32 3.66 64.38 45.29 83.47 217 1.78 2.65
Maze 5 Maze 6
Trait®: Time Errors® Time Errors®
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate Group Mean Lower Upper Mean Lower Upper Mean Lower Upper Mean Lower  Upper
Overall® High 134.82 123.00 146.64 4.14 3.65 4.71 15452 14439 164.65 3.77 3.34 4.26
Low 130.88 118.52 14324 4.37 3.78 5.06 140.72 130.12 151.32 3.65 3.08 4.33
3 High 12550 106.15 144.85 4.45 3.55 5.58 146.83 130.25 16341 2.28 1.90 2.74
Low 144.69 126.09 163.29 4.77 3.90 5.83 156.47 14053 17241 350 291 4.21
4 High 140.03 11750 162.56 3.64 2.90 4.56 149.74 130.43 169.05 4.45  3.46 5.72
Low 126.70 101.33 152.07 4.56 3.32 6.26 126.02 104.28 147.76 3.16  2.05 4.87
5 High 138.92 119.57 15827 4.40 3.56 5.44 167.00 150.42 18358 5.29  4.40 6.36
Low 121.26 102.10 14042 3.84 3.07 4.81 139.68 123.26 156.10 4.41  3.63 5.35

!LSMeans have been adjusted for sex

2Time = time for pig to complete the maze trial, Errors = number of errors during the maze trial

30verall LSMeans have also been adjusted for replicate

2Data were log transformed for analysis and backtransformed to display in this table

PData were square root transformed for analysis and backtransformed to display in this table
TIndicates difference between High and Low pigs at P<0.1

*Indicates significant difference between High and Low pigs at P <0.05

**Indicates significant difference between High and Low pigs at P <0.01
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Table 17b. Maze Trials Differences, 3 Minute Maximum, LSMeans”, All Selected Pigs

Comparisons®: Maze 1 vs Maze 2 Maze 2 vs Maze 3

Trait®: Time Difference  Error Difference Time Difference  Error Difference

Replicate Group Mean Standard Mean Standard Mean Standard Mean Standard

Error Error Error Error

Overall* High -5822 1368 -203 081 3362 1302 098 057

Low -4090 1431 -206 084 2430 1363 0.09 0.59
3 High -72.75 2240 -433 132 000 2133 -092 093
Low -55.67 2153 -2.77 127 1830 2051 -0.75 0.89
4 High -63.67 26.08 -0.68 154 66.70 24.83 204 1.08
Low -50.38 2936 -1.99 173 4056 2796 089 1.22
5 High -38.25 2240 -1.08 132 3417 2133 183 093
Low -16.66 2218 -1.44 131 1403 2112 012 0.92

Comparisonsz: Maze 3 vs Maze 4 Maze 4 vs Maze 5

Trait®: Time Difference  Error Difference Time Difference  Error Difference

Replicate Group Mean Standard Mean Standard Mean Standard Mean Standard

Error Error Error Error

Overall* High -011 1315 013 058 3364 1453 072 0.72

Low -571 1376 -0.28 061 3956 1520 134 0.76
3 High -10.25 2153 058 096 67.00 2379 200 119
Low 17.17 20.70 049 092 3713 2287 181 114
4 High -17.75 2507 -1.02 112 1734 2769 058 138
Low -13.82 28.22 -1.09 126 2466 3118 051 156
5 High 2767 2153 083 096 1658 2379 -042 119
Low -2047 2132 -025 095 5688 2355 170 117

Comparisons: Maze 5 vs Maze 6

Trait’: Time Difference  Error Difference
Replicate Group Mean Standard Mean Standard

Error Error

Low 9.84 1210 -048 0.72

3 High 2133 1894 -142 112

Low 11.79 1821 -1.00 1.08

4 High 9.71 2205 035 131

Low -0.68 2483 -1.87 147

5 High 28.08 1894 175 112

Low 1842 1875 143 111

!LSMeans have been adjusted for sex

2Comparisons: Maze X vs Maze Y = (maze trial Y) - (maze trial X)

*Time Difference = change in time to complete maze trials, Error Difference = change in errors during maze
trials

4Overall LSMeans have also been adjusted for replicate

bData were square root transformed for analysis and backtransformed to display in this table
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Table 17¢. Maze Trials, 3 Minute Maximum, LSMeans”, Only Pigs That Completed Maze Trials Within Time Limit

Maze 1 Maze 2
Trait’: Time Errors® Time® Errors”
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate  Group Mean Lower Upper Mean Lower Upper Mean Lower Upper Mean Lower  Upper
Overall® High 7536 63.91 86.82 330 283 385 48.87 4233 5641 099 0.67 1.38
Low 7421 63.92 8450 4.47 3.87 516 4541 39.01 5287 117 0.80 1.62
3 High 105.24 87.16 12332 570 4.34 748 5222 4149 65.71 113 0.60 1.82
Low 8545 6855 102.36 4.23 3.26 548 4524 3595 56.93 154 0091 2.33
4 High 46.28 19.77 7279 272 1.92 3.86 53.83 4057 7142 115 052 2.03
Low 77.89 5563 100.15 4.77 3.64 6.27 68.30 5053 9232 172 0.88 2.84
5 High 7457 59.73 89.42 2.32* 1.94 276 4153 3300 5226 072 0.32 1.29
Low 59.29 45.07 7350 443 351 559 3031 2362 3890 048 0.15 1.01
Maze 3 Maze 4
Trait’: Time Errors® Time Errors®
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate  Group Mean  Lower  Upper Mean Lower Upper Mean Lower Upper Mean Lower  Upper
Overall® High 5814 4830 6798 323 254 410 5272 4311 62.33 3261 294 3.62
Low 64.76 55.66 7386 259 217 3.09 5037 4098 59.76 241 2.12 2.75
3 High 31.01 17.18 4485 3.20 1.78 573 4795 36.00 59.90 3.02 2.64 3.46
Low 49.90 36.06 63.74 243 1.88 3.13 62.74  48.64 76.83 429 348 5.29
4 High 9190 70.09 11371 310 226 426 4654  25.68 67.41 3.841 3.07 4.80
Low 89.42 70.84 108.00 290 216 3.88 4498 24091 65.05 1.84 1.41 2.40
5 High 5150 36.85 66.15 339 277 4.14 63.67 47.50 79.83 2.99* 255 3.52
Low 5496 41.23 68.69 247 1.80 339 4339 3108 5570 1.78 1.52 2.10
Maze 5 Maze 6
Trait’: Time Errors® Time Errors®
95% Confidence 95% Confidence 95% Confidence 95% Confidence
Limits Limits Limits Limits
Replicate  Group Mean Lower Upper Mean Lower Upper Mean Lower Upper Mean Lower  Upper
Overall® High 53.13 39.28 66.97 389 281 539 8459 66.25 10293 2.18 1.71 2.79
Low 69.44 55.87 83.01 Non-estimable 55.25 39.01 71.48 Non-estimable
3 High 63.66 4481 8250 339 215 535 5286 2468 81.04 1.73 1.20 2.50
Low 72.01 48.75 9527 469 272 8.10 69.14 4096 97.32 4.00 2.77 5.78
4 High 4097 12091 69.04 551 2.96 10.26 10391 73.04 134.78 245 1.56 3.84
Low 60.01 33.57 86.45 Could Not Calculate* 47.14  18.96 75.32 Could Not Calculate*
5 High 54.75 32.03 7747 3.16 1.83 546  97.00 6292 131.08 2.45 1.89 3.18
Low 76.30 58.60 9399 3.92 2.29 6.71 4946 24.46 7447 4.00 2.77 5.78

!L.SMeans have been adjusted for sex

%Time = time for pig to complete the maze trial, Errors = number of errors during the maze trial

30verall LSMeans have also been adjusted for replicate

4Could not calculate because all Low Pigs from replicate 4 that were available for analysis had 0 errors during maze trials 5 and 6

®Data were log transformed for analysis and backtransformed to display in this table

FIndicates difference between High and Low pigs at P <0.1

*Indicates significant difference between High and Low pigs at P <0.05
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Table 17d. Maze Trials Differences, 3 Minute Maximum, LSMeans®, Only Pigs that
Completed Maze Trials Within Time Limit

Comparisonsz; Maze 1 vs Maze 2 Maze 2 vs Maze 3

Trait’: Time Difference  Error Difference  Time Difference  Error Difference

Replicate Group Mean Standard Mean Standard Mean Standard Mean Standard
Error Error Error Error

Overall®* High -9.95 1381 0.08 0.90 -3.21 1312 054 071
Low -18.60 13.00 -0.84 0.84 229 1177 -0.07 0.64

3 High -381 2182 065 141 -3789 17.07 -2.03 0.93
Low -39.31 2182 -051 141 -13.00 1807 -150 0.98

4 High -1.08 3210 -046 2.08 31.02 3082 165 1.68
Low -10.79 26.88 -098 1.74 1200 2293 054 125

5 High -2497 1792 0.04 116 -275 18.07 2,00 0.98
Low -571 1933 -1.02 125 786 1926 0.77 1.05

Comparisonszz Maze 3 vs Maze 4 Maze 4 vs Maze 5

Trait®: Time Difference  Error Difference  Time Difference  Error Difference

Replicate Group Mean Standard Mean Standard Mean Standard Mean Standard
Error Error Error Error

Overall® High -578 12.96 -0.11 0.64 -6.03 1721 -023 1.13
Low -048 1267 005 063 2714 1733 -076 1.13

3 High 18.01 1672 167 083 33.88 21.85 -0.17 143
Low 2217 2044 100 102 2156 2508 018 164

4 High -44.13 2673 -0.78 133 504 3076 248 201
Low -28.69 2547 -1.23 127 2212 3659 -364 2.39

5 High 877 2247 -121 112 -57.00 3432 -3.00 225
low 506 1831 039 091 3772 218 117 143

Comparisons?: Magze 5 vs Maze 6
Trait®: Time Difference  Error Difference
Standard n Standard

Replicate Group Mean Meal
P P Error Error

Overall* High -513 27.04 -0.76 1.67
Low -1.27 1831 0.16 1.13
3 High -32.00 37.03 -2.00 2.29
Low 2440 30.74 271 1.90
4 High -14.20 4057 -213 250
Low -7.27 30.74 0.04 1.90
5 High 30.80 5493 187 3.39
Low -20.93 30.74 -229 190
!LSMeans have been adjusted for sex
2Comparisons: Maze X vs Maze Y = (maze trial Y) - (maze trial X)

*Time Difference = change in time to complete maze trials, Error Difference = change in errors during maze
trials

“Overall LSMeans have also been adjusted for replicate
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Table 18a. Wilcoxon Rank-Sum Analysis of Maze Trial Traits, 3 Minute Maximum

Maze 1 Maze 2
Trait: Time Errors Time Errors
Replicate Group N? Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean
P P Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score
Owerall High 33 11885 1105.5 75.26 36.02 1084.0 11055 76.92 32.85 1126.5 1105.5 77.94 34.14 1068.5 11055 74.89 32.38
Low 33 10225 1105.5 7526 3098 1127.0 11055 76.92 34.15 10845 11055 7794  32.86 11425 11055 7489  34.62
3 High 12 164.0 156.0 17.34 13.67 165.0 156.0 18.23 13.75 1555 156.0 18.38 1296 146.5 156.0 17.70 12.21
Low 13 161.0 169.0 17.34 1238 160.0 169.0 18.23 1231 169.5 169.0 18.38  13.04 1785 169.0 1770  13.73
4 High 9 810 76.5 8.57 9.00 62.57 76.5 9.31 6.94 75.0 76.5 9.42 8.33 74.0 76.5 9.15 8.22
Low 7 55.0 59.5 8.57 7.86 735 59.5 9.31 10.50 61.0 59.5 9.42 8.71 62.0 59.5 9.15 8.86
5 High 12 1745 156.0 18.26 1454 1545 156.0 1794 12.88 165.0 156.0 18.36 1375 156.0 156.0 17.20  13.00
Low 13 150.5 169.0 18.26 1158 1705 169.0 1794 13.12 160.0 169.0 18.36 1231 169.0 169.0 17.20  13.00
Maze 3 Maze 4
Trait™: Time Errors Time Errors
Replicate Group N? Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean
P P Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score
Overall High 33 1147.0 11055 76.70 3476 11755 1105.5 75.99 35.62 1157.5 1105.5 76.51 35.08 1233.5* 1105.5 75.99 37.38
Low 33 1064.0 1105.5 76.70 32.24 10355 1105.5 7599  31.38 1053.5 1105.5 76,51 3192 9775 1105.5 7599  29.62
3 High 12 149.0 156.0 18.18 1242 1335 156.0 1713  11.13 128.0f 156.0 18.25 10.67 153.0 156.0 1753 1275
Low 13 176.0 169.0 18.18 13.54 1915 169.0 17.13 1473 197.0 169.0 18.25 15.15 1720 169.0 17.53 13.23
4 High 9 86.0 76.5 9.05 9.56 77.0 76.5 9.29 856 805 76.5 8.84 8.94 83.0 76.5 9.11 9.22
Low 7 50.0 59.5 9.05 7.14 59.0 59.5 9.29 8.43 55.5 59.5 8.84 7.93 53.0 59.5 9.11 7.57
5 High 12 167.0 156.0 18.18 13.92 199.5**  156.0 17.97 16.63 196.5*  156.0 18.08 16.38 201.0**  156.0 18.08 16.75
Low 13 158.0 169.0 18.18 12.15 1255 169.0 17.97 9.65 1285 169.0 18.08 9.88 124.0 169.0 18.08 9.54
Maze 5 Maze 6
Trait': Time Errors Time Errors
Replicate Group N? Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean
P P Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score
Owerall High 33 11245 11055 69.47 34.08 11125 11055 76.81  33.71 11365 11055 61.17 34.44 11470 11055 7718  34.76
Low 33 1086.5 1105.5 69.47 3292 10985 1105.5 76.81 33.29 10745 1105.5 61.17 3256 1064.0 1105.5 77.18 32.24
3 High 12 143.0 156.0 16.28 11.92 1475 156.0 18.09 12.29 152.0 156.0 13.78 12.67 1355 156.0 18.16 11.29
Low 13 182.0 169.0 16.28 1400 1775 169.0 18.09 1365 173.0 169.0 13.78  13.31 1895 169.0 18.16  14.58
4 High 9 80.0 76.5 8.22 8.89 80.5 76.5 9.20 894 79.0 76.5 8.22 8.78  90.07 76.5 8.84 10.00
Low 7 56.0 59.5 8.22 8.00 55.5 59.5 9.20 793 570 59.5 8.22 8.14 46.0 59.5 8.84 6.57
5 High 12 171.0 156.0 16.70 1425 1625 156.0 18.12 1354 168.0 156.0 13.78 14.00 1685 156.0 18.24  14.04
Low 13 154.0 169.0 16.70 11.85 1625 169.0 18.12 1250 157.0 169.0 13.78 12.08 156.5 169.0 18.24 12.04

Time = time for pig to complete the maze trial, Errors = number of errors during the maze trial

2N = number of pigs included in analysis
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Table 18b. Wilcoxon Rank-Sum Analysis of Maze Trial Trait Comparisons, 3 Minute Maximum

Comparisons’: Maze 1 vs Maze 2 Maze 2 vs Maze 3
Trait*: Time Errors Time Errors
Replicate Group N° Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected Std Dev Mean
P 0 Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score
Owerall High 33 1064.0 11055 7797 3224 1108.0 1105.5 7758 3358 1119.0 1105.5 7797 3391 1187.0 11055 7722 3597
Low 33 1147.0 11055 7797 3476 1103.0 1105.5 7758 3342 1092.0 11055 7797 33.09 1024.0 11055 7722  31.03
3 High 12 151.0  156.0 18.38 1258 1425 156.0 18.33 11.88 149.0 156.0 18.38 1242 1430 156.0 18.02  11.92
Low 13 1740 169.0 18.38 13.38 1825  169.0 18.33 1404 176.0 169.0 18.38 1354 182.0  169.0 18.02  14.00
4 High 9 745 76.5 9.44 8.28 835 76.5 9.35 9.28 80.0 76.5 9.44 8.89 80.0 76.5 9.41 8.89
Low 7 615 59.5 9.44 879 525 59.5 9.35 750 56.0 59.5 9.44 8.00 56.0 59.5 9.41 8.00
5 High 12 146.0  156.0 18.38  12.17 1605 156.0 18.23  13.38 170.0 156.0 18.38  14.17 187.0* 156.0 18.15  15.58
Low 13 179.0 169.0 18.38  13.77 1645 169.0 18.23 1265 155.0 169.0 18.38  11.92 138.0  169.0 18.15  10.62
Comparisons': Maze 3 vs Maze 4 Maze 4 vs Maze 5
Trait: Time Errors Time Errors
Replicate Group N° Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean Sumof Expected StdDev Mean
P P Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score Scores Under HO Under HO Score
Owerall High 33 1105.0 1105.5 77.67 3348 11665 1105.5 77.05 3535 10585 1105.5 7730 32.08 1017.5 1105.5 7732  30.83
Low 33 1106.0 1105.5 77.67 33.52 10445 1105.5 77.05 31.65 11525 1105.5 77.30 34.92 11935 1105.5 77.32 36.17
3 High 12 1355  156.0 1837 1129 1720 156.0 18.12  14.33 186.5f 156.0 18.26 1554 1495  156.0 18.14  12.46
Low 13 1895 169.0 18.37 1458 153.0 169.0 18.12 1177 1385  169.0 18.26  10.65 1755  169.0 18.14  13.50
4 High 9 67.0 76.5 9.05 7.44 790 76.5 9.25 8.78 76.0 76.5 9.05 8.44 805 76.5 9.34 8.94
Low 7 69.0 59.5 9.05 9.86 57.0 59.5 9.25 8.14 60.0 59.5 9.05 8,57 555 59.5 9.34 7.93
5 High 12 186.01 156.0 1837 1550 166.0 156.0 18.25 13.83 130.5f 156.0 18.34 10.88 128.0f 156.0 18.22  10.67
Low 13 139.0 169.0 18.37 1069 159.0 169.0 1825 1223 1945 169.0 18.34 1496 197.0  169.0 18.22  15.15
Comparisons': Maze 5 vs Maze 6
Trait’: Time Errors
Replicate Group N° Sumof Expected StdDev Mean Sumof Expected Std Dev Mean
P P Scores Under HO Under HO Score Scores Under HO Under HO Score
Owerall High 33 1099.5 1105.5 7193 3332 1161.0 11055 77.63  35.18
Low 33 11115 11055 7193 33.68 1050.0 1105.5 77.63  31.82
3 High 12 1555  156.0 16.70 1296 153.0 156.0 1831  12.75
Low 13 1695 169.0 16.70 13.04 1720 169.0 1831  13.23
4 High 9 730 76.5 8.57 8.11 87.0 76.5 9.35 9.67
Low 7 63.0 59.5 8.57 9.00 49.0 59.5 9.35 7.00
5 High 12 1595  156.0 17.34 1329 1615 156.0 18.27  13.46
Low 13 1655  169.0 17.34 1273 1635 169.0 18.27 12,58

Comparisons: Maze X vs Maze Y = (errors during maze trial )

3N = number of pigs included in analysis

- (errors during maze trial X)
2Time = time for pig to complete the maze trial, Errors = number of errors during the maze trial
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Table 19. Maze Trial, 3 Minute Maximum, Completion Frequency1 and Chi-Squared Values

Maze 1 Maze 2 Maze 3 Maze 4 Maze 5 Maze 6
Completion Chi- Completion Chi- Completion Chi- Completion Chi- Completion Chi- Completion Chi-
Frequencies Squared Frequencies Squared Frequencies Squared Frequencies Squared Frequencies Squared Frequencies Squared
g Value a Value a Value a Value a Value a Value
Replicate  Group 1 0 1 0 1 0 1 0 1 0 1 0
Owerall High 5455 4545 96.97 3.03 63.64 36.36 63.64 36.36 39.39 60.61 24.24 75.76
Low 63.64 36.36 056 90.91 9.09 1.06 7273 271.27 063 69.70 30.30 027 4242 57.58 0.06 30.30 69.70 031
3 High 50.00 50.00 100.00 0.00 75.00 25.00 91.67 8.33 50.00 50.00 25.00 75.00
Low 53.85 46.15 0.04 9231 7.69 0.96 69.23 30.77 0.10 61.54 38.46 3117 30.77 69.23 0.9 23.08 76.92 001
4 High 42.86 57.14 100.00 0.00 57.14 4286 57.14 42.86 4286 57.14 4286 57.14
Low 57.14 42.86 0.29 100.00 0.00 7143 2857 031 57.14 42.86 0.00 42.86 57.14 0.00 42,86 57.14 0.00
5 High 75.00 25.00 289+ 100.00 0.00 i 66.67 33.33 4.07* 50.00 50.00 6.88% 33.33 66.67 203+ 16.67 83.33 150

Low 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00 70.00 30.00

Completion Frequency = percentage of pigs in group that completed maze within alloted time; 1 = completed, 0 = did not complete

40.00 60.00

TIndicates difference between High and Low pigs at P <0.1
*Indicates significant difference between High and Low pigs at P <0.05

**Indicates significant difference between High and Low pigs at P <0.01
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Table 20a. Cardiac Response1 During Novel Object Test 1

Baseling? +5(s)° +10(s)° +15(s)° +20(s)° +25(s)° +30(s)° +35(s)° +40(s)° +45(s)°

Replicate Group Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Overall* High 176.15f 3.60 295 254 4.06 262 267 270 251 275 198 292 340 309 415 313 414 317 512 3.33
Low 167.31 351 278 248 304 256 178 263 159 268 325 285 366 301 328 305 468 309 420 3.25

1 High 18822 6.97 159 492 3.12 508 482 523 411 533 294 567 380 599 601 607 380 614 431 646
Low 17775 720 940 508 9.09 524 881 540 11.20 550 1092 586 927 6.18 817 627 529 634 608 6.67

2 High 175.66** 9.87 -1.64 697 -0.13 7.19 -222 7.40 080 754 -032 803 -068 848 -036 859 115 870 298 9.14
Low 13112 869 653 614 424 633 187 652 -315 664 050 7.07 033 746 -147 757 469 7.66 393 8.05

3 High 16180 7.20 4.82 508 766 524 584 540 262 550 126 586 599 6.18 544 627 571 634 504 667
Low 16696 750 0.19 530 147 546 198 563 -062 574 -010 6.0 -051 644 -006 653 044 661 -044 6.95

4 High 17544 827 6.69 584 6.03 602 341 620 383 632 439 673 668 710 719 720 689 729 980 7.66
Low 187.78 820 262 579 522 598 252 615 632 627 9.02 6.68 11.22 7.05 1252 7.14 1082 7.23 9.82 7.60

5 High 179.62 7.20 329 508 361 524 150 540 119 550 162 586 120 6.18 245 627 318 6.34 346 6.67
Low 17295 7.32 -482 517 -482 534 -630 549 -578 560 -408 596 -203 629 -275 638 214 646 1.60 6.79

+50(s)° +55(s)° +60(s)° +90(s)° +120(s)° +150(s)° +180(s)° +210(s)° +240(s)° +270(s)°

Replicate Group Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Overall* High 479 336 420 345 399 348 196 383 401 407 331 423 284 433 -121 419 441 423 389 4.38
Low 384 328 420 336 533 339 326 374 -028 397 285 413 096 423 708 409 465 412 564 4.28

1 High  1.93 651 -0.08 6.69 -3.06 6.74 -8.71 7.43 -920 7.90 -10.28 820 -1025 840 -11.31 8.13 -6.08 820 -3.84 850
Low 640 672 490 690 367 696 -519 7.67 -869 815 -975 847 -888 867 -3.88 839 -887 846 -494 878

2 High 448 921 268 946 299 954 502 1051 896 11.17 1449 1161 7.50 11.89 4.09 1150 13.26 11.60 9.29 12.03
Low 298 811 7.72 833 1214 841 7.34 926 1372 9.84 18.09 10.22 11.97 1047 1429 10.13 15.16 10.21 12.47 10.60

3 High 7.36 672 7.31 690 555 696 168 7.67 1057 815 266 847 1069 867 077 839 432 846 101 878
Low 037 701 -1.79 7.19 -339 726 6.07 7.99 357 849 1045 883 1072 9.04 1097 875 7.87 882 1386 9.5

4 High 7.37 772 885 7.93 6.08 800 11.67 880 518 936 447 973 422 996 -457 964 -1.04 972 429 10.08
Low 10.02 7.66 10.12 7.87 10.82 7.94 512 874 -6.48 929 -358 965 -3.38 9.88 1342 957 7.62 964 262 10.00

5 High 2.84 672 226 690 841 696 012 7.67 454 815 522 847 204 867 496 839 1157 846 872 878
Low -057 684 003 7.02 338 7.09 298 7.80 -353 829 -096 862 -562 882 059 854 148 861 421 893

!Cardiac Response = Change in heart rate in response to introduction of novel object to test area; all means have been adjusted for sex

2Baseline = Average heart rates over the 60 seconds preceeding novel object introduction

3+X(s) = Average difference between heart rate at specified time (in seconds) and the baseline heart rate
“Overall means have also been adjusted for replicate

TIndicates difference between High and Low pigs at P <0.1

**Indicates significant differencebetween High and Low pigs at P <0.01
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Table 20b. Cardiac Response’ During Novel Object Test 2

Baseline? +5(s)° +10(s)° +15(s)° +20(s)° +25(s)° +30(s)° +35(s)° +40(s)° +45(s)°

Replicate Group Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Overall* High 18211 321 551 170 642 197 459 203 358 210 372 211 281 206 148 253 157 301 189 285
Low 18382 292 589 154 473 179 357 18 391 191 321 192 269 188 236 230 105 274 237 259

1 High 18350 6.13 690 324 878 375 208 387 -201 401 -354 402 -387 394 -121 483 -111 575 -066 544
Low 17855 6.12 7.38 323 380 374 365 386 246 400 239 401 410 392 276 482 264 574 212 543

2 High 17762 838 6.26 443 746 513 874 529 1186 548 14.73 550 1212 538 1235 6.60 1439 7.86 1408 7.4
Low 18332 7.02 455 371 526 430 408 444 483 460 322 461 162 451 231 553 274 659 403 6.23

3 High 17422 6.12 209 323 375 374 259 386 348 400 402 401 343 392 562 482 581 574 398 543
Low 17038 6.12 531 323 881 374 697 386 800 400 9.07 401 798 392 632 482 706 574 450 543

4 High 20396 7.81 393 4.13 317 478 0.79 493 -231 511 -280 512 -1.48 501 -1260 6.15 -14.00 7.33 -13.93 6.93
Low 192.68 6.97 523 368 153 426 053 440 133 456 023 457 -1.08 447 -0.38 549 -128 654 -0.68 6.19

5 High 171.23* 6.97 837 368 897 426 877 440 687 456 6.17 457 387 447 327 549 277 654 597 6.19
Low 194.16 6.23 6.96 329 425 381 265 393 294 407 114 408 086 400 081 490 -589 584 189 552

+50(s)° +55(s)° +60(s)° +90(s)® +120(s)® +150(s)° +180(s)° +210(s)® +240(s)° +270(s)°

Replicate Group Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Overall* High 131 291 122 285 519 257 489 250 349 201 304 252 351 253 403 343 -009 346 150 358
Low 334 265 329 259 210 234 297 227 155 179 -053 225 -008 225 128 306 -218 3.08 -392 319

1 High -1.21 556 -145 545 -059 491 -1.17 477 3.82f 376 469 472 556 473 1010 642 243 647 764 6.70
Low 181 554 163 543 3.09 490 -141 476 -498 375 -5.61 4.70 -435 472 -114 640 -3.06 645 -311 6.68

2 High 11.20 760 7.48 7.44 964 6.71 857 652 -641f 554 -116 6.94 -501 6.96 0.05 944 -7.76 953 -550 9.86
Low 405 637 318 6.24 227 563 10.77 546 542 431 272 540 404 542 187 735 -11.76 741 -16.77 7.67

3 High 3.60 554 265 543 450 490 10.00 4.76 8.27f 3.75 10.87* 4.70 7.75* 472 342 6.40 1158* 6.45 16.37* 6.68
Low 519 554 345 543 199 490 172 476 -095 375 -3.85 470 -6.50 472 -124 640 -6.40 645 -396 6.68

4 High -13.69 7.08 -11.65 6.93 273 6.26 086 6.07 101 479 -555 6.01 -3.81 6.02 -527 817 -1437f 825 -17.68* 853
Low 073 632 173 6.19 -0.78 558 143 542 593 428 313 536 073 537 143 729 413 736 513 761

5 High 6.67 6.32 9.07 6.19 9.67 558 6.17 542 10.77 428 6.37 536 13.07 537 1187 729 767 736 6.67 7.61
Low 492 564 648 553 393 499 235 484 233 382 099 479 567 480 547 651 619 657 -0.88 6.80

!Cardiac Response = Change in heart rate in response to introduction of novel object to test area; all means have been adjusted for sex

2Baseline = Average heart rates over the 60 seconds preceeding novel object introduction

3+X(s) = Average difference between heart rate at specified time (in seconds) and the baseline heart rate; have been adjusted for sex

“Overall means have also been adjusted for replicate
TIndicates difference between High and Low pigs at P <0.1
*Indicates significant difference between High and Low pigs at P <0.05

**Indicates significant difference between High and Low pigs at P <0.01
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S = Start corner
F = Finish Corner (Food Reward)

*} = Location of Internal Maze Cue Change

= Wall removed after replicate 2

Figure 1. Maze Configuration
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Farrowing Barn Nursery Barn

\

A

Age in Weeks
0 1 2 3 5 6 7 8
Piglets Piglets
Farrowed Weaned
Weighed v \ Weighed \ \ v \
BT1 BT 2 NOT1 NOT2 MZ1 MZ4
RIT1 RIT2 MZ2 MZ5
BT = Backtest \ MZ3 MZ6
NOT = Novel Object Test
RIT = Resident Intruder Test Y
MZ = Maze Test Maze Barn

Figure 2. Timeline of Tests and Measurements
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Cardiac Response by Group in Replicate During Novel Object Test 1
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Figure 3a. Cardiac Response to Novelty During Novel Object Test 1
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Figure 3b. Cardiac Response to Novelty During Novel Object Test 1, Overall
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Cardiac Response by Group in Replicate During Novel Object Test 2
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Figure 4a. Cardiac Response to Novelty During Novel Object Test 2
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Figure 4b. Cardiac Response to Novelty During Novel Object Test 2, Overall
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Figure Al. Heart Rate Monitor Apparatus
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Figure A2. Maze Configuration
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Figure A3. Maze Modification
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Struggle Attempts During Backtest 2 Distribution Time Struggling During Backtest 2 Distribution
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Total Struggle Attempts Distribution
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Figure A6. Backtest Overall Measurements Distributions
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Latency to Explore Object During NO Test 1 Distribution Time Exploring Object During NO Test 1 Distribution
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Figure A7. Novel Object Test 1 Measurements Distributions
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Latency to Explore Object During NO Test 2 Distribution Time Exploring Object During NO Test 2 Distribution
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Figure AY. Novel Object Overall Measurements Distributions
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Latency to Contact Intruder During Rl Test 1 Distribution Time From Contact to Attack During Rl Test 1 Distribution
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Figure A11. Resident Intruder Test 1 Measurements Distributions
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Latency to Contact Intruder During Rl Test 2 Distribution Time From Contact to Attack During Rl Test 2 Distribution
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Figure A12. Resident Intruder Test 2 Measurements Distributions
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Latency to Attack During RI Test 2 Distribution
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Figure A12. Continued
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Figure A13. Resident Intruder Test Overall Distributions
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Figure A15. Maze Trial 1 Measurements Distributions
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Figure A16. Maze Trial 2 Measurements Distributions
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Figure A17. Maze Tiial 3 Measurements Distributions
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Figure A18. Maze Trial 4 Measurements Distributions
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Figure A19. Maze Trial 5 Measurements Distributions
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Figure A20. Maze Tiial 6 Measurements Distributions
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Figure A21. Production Trait Distributions
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